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(54) OPTICAL COMMUNICATIONS SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical communications 
system that branches light large enough to control an optical 
output of a semiconductor laser to a light- receiving device for 
monitoring, stabilizes the optical output, and has high reliability and 
high efficiency. 

SOLUTION: A laser chip is a surface light-emitting type 
semiconductor laser device chip that has an oscillation wavelength 
of 1.1 |im to 1.7 |xm and a resonator structure including a reflector 
provided on top and bottom parts of an active layer to produce 
laser light. The reflector is a semiconductor distributed Bragg 
reflector in which material layers constituting the reflector have 
refractive indexes changing periodically between a small value and 
a large value and reflect entering light by optical wave interference. 
The material layer having a small refractive index contains AlxGal- 
xAs (0<x<1 ) and the material layer having a large refractive index 
contains AlyGa1-yAs (0<y<x<1). Here, the optical output of the 
semiconductor laser is controlled by the use of the output of the 
light-receiving device for monitoring. In a branching means for 
branching the optical output, a light transmittance in a usable 

wavelength band is not less than 1% and not more than 50% and there are provided a plurality of 
independent light-receiving devices. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A branching means to branch the laser beam which carried out outgoing radiation from the 
laser chip and this laser chip, In the optical transmission system containing the optical fiber as an optical 
transmission line or optical waveguide which is carrying out optical coupling to the this branched laser 
beam, and the photo detector which carries out the monitor of the laser beam of branched another side 
Said laser chip the barrier layer in which oscillation wavelength is 1.1 micrometers - 1.7 micrometers, 
and generates light The layer which a main element becomes from Ga, In, N, and As, or Ga, In, It is the 
surface-emitting type semiconductor laser component chip which has the resonator structure containing 
the reflecting mirror formed in the upper part and the lower part of said barrier layer in order to consider 
as the layer which consists of As and to obtain a laser beam. While the refractive index of the ingredient 
layer which constitutes it is the semi-conductor distribution Bragg reflection mirror which changes 
periodically with smallness/size and reflects incident light by the interference of light wave, said 
reflecting mirror Said refractive index sets the ingredient layer of smallness to AlxGal-xAs (0< x<=l). 
Said refractive index is the reflecting mirror which set the adult ingredient layer to AlyGal-yAs (0 
<=y<x<=l). And it is the optical transmission system with which said refractive index made the surface- 
emitting type semiconductor laser component chip which comes to prepare ingredient layer AlzGal-zAs 
(0 <=y<z<x<=l) to which this refractive index takes smallness and the value of an adult between 
between smallness and an adult ingredient layer the luminescence light source. The optical transmission 
system characterized by controlling the optical output of semiconductor laser using the output of said 
photo detector for monitors. 

[Claim 2] A branching means to branch the laser beam which carried out outgoing radiation from the 
laser chip and this laser chip, In the optical transmission system containing the optical fiber as an optical 
transmission line or optical waveguide which is carrying out optical coupling to the this branched laser 
beam, and the photo detector which carries out the monitor of the laser beam of branched another side 
Said laser chip the barrier layer in which oscillation wavelength is 1.1 micrometers - 1.7 micrometers, 
and generates light The layer which a main element becomes from Ga, In, N, and As, or Ga, In, It is the 
surface-emitting type semiconductor laser component chip which has the resonator structure containing 
the reflecting mirror formed in the upper part and the lower part of said barrier layer in order to consider 
as the layer which consists of As and to obtain a laser beam. While the refractive index of the ingredient 
which constitutes it is the semi-conductor distribution Bragg reflection mirror which changes 
periodically with smallness/size and reflects incident light by the interference of light wave, said 
reflecting mirror Said refractive index sets the ingredient of smallness to AlxGal-xAs (0< x<=l). Said 
refractive index is the reflecting mirror which set the adult ingredient to AlyGal-yAs (0 <=y<x<=l). 
The surface-emitting type semiconductor laser component chip which comes to prepare the 
nonluminescent recombination prevention layer which consists of GalnP or GalnPAs between said 
barrier layers and said reflecting mirrors is made into the luminescence light source, and it is an optical 
transmission system. The optical transmission system characterized by controlling the optical output of 
semiconductor laser using the output of said photo detector for monitors. 
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[Claim 3] The optical transmission system according to claim 1 or 2 characterized by making light 
transmittance in a use wavelength range 50% or less 1% or more in a branching means to branch the 
optical output from said semiconductor laser. 

[Claim 4] Said branching means is an optical transmission system according to claim 1 or 2 
characterized by making some mounting substrates which fix an optical fiber or optical waveguide. 
[Claim 5] Said semiconductor laser is an optical transmission system given in any 1 term of claims 1-4 
characterized by being the branching means which is the structure where said branching means was 
formed in them in common while it consisted of two or more independent light emitting devices and an 
optical fiber or optical waveguide, and the photo detector for monitors also had more than one 
independently corresponding to it. 

[Claim 6] Said branching means is an optical transmission system given in any 1 term of claims 1-3 
characterized by being formed in a front face or it is a part of photo detector. 
[Claim 7] Said branching means is an optical transmission system given in any 1 term of claims 1-3 
characterized by being formed in the end face of an optical fiber or waveguide. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention forms two or more laser components perpendicularly using the 
so-called surface emission-type laser which emits light to the semi-conductor substrate side used for 
manufacture as semiconductor laser especially about the semiconductor laser used for optical 
communication etc., and its optical transmission system, and relates to the optical transmission system 
which enabled the mass communication link. 
[0002] 

[Description of the Prior Art] Since field luminescence semiconductor laser emits a laser beam 
perpendicularly from the front face of a substrate, two-dimensional juxtaposition accumulation is 
possible for it, association with an optical fiber is easy for it at one with the comparatively narrower 
(before or after 10 degrees) still angle of divergence of the output light, and also it has the description 
that inspection of a component is easy. Therefore, development is briskly performed as a component 
suitable for constituting the optical transmitting module (optical INTAKONEKUSHON equipment) of a 
parallel transmission mold especially. Although the present candidate for application of optical 
INTAKONEKUSHON equipment is short-distance fiber optics communication besides the parallel 
connection between cases, such as a computer, and between boards, it has the trunk system of a 
computer network large-scale as application, or long-distance high capacity communication from which 
the ftiture is expected. 

[0003] general - field luminescence semiconductor laser — GaAs Or GalnAs from, although it usually 
comes out to constitute with the optical resonator which consists of a semi-conductor distribution Bragg 
reflection mirror of the becoming barrier layer and the upper part arranged up and down on both sides of 
the barrier layer concerned and a semi-conductor distribution Bragg reflection mirror of the lower part 
by the side of a substrate Since the die length of an optical resonator is remarkable and short as 
compared with the case of edge surface-emitting type semiconductor laser, it is [ laser oscillation ] 
lifting-easy and it necessary to carry out it by setting the reflection factor of a reflecting mirror as a very 
high value (99% or more), for this reason - usually — AlAs from ~ the becoming low refractive-index 
ingredient and GaAs from - the semi-conductor distribution Bragg reflection mirror formed by carrying 
out the laminating of the becoming high refractive-index ingredient by turns with the period of quarter- 
wave length is used. 

[0004] By the way, although InP is used for a manufacture substrate and InGaAsP is used for a barrier 
layer, long-wavelength-region laser [ as / whose laser wavelength which is used for optical 
communication is long-wavelength-region laser 1.1 micrometers or more as mentioned above / whose 
laser wavelength is 1 .3 micrometer band and 1 .55 micrometer band ] has the large lattice constant of InP 
of a substrate, with the reflecting mirror ingredient adjusted in this, cannot take a large refractive-index 
difference, therefore needs to make the number of laminatings 40 or more pairs. Moreover, there is a 
point that a property changes with temperature a lot in the semiconductor laser formed on an InP 
substrate as another problem. A practical long-wavelength-region side luminescence semi-conductor has 
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still come [ it is necessary to use it, adding the equipment which makes temperature regularity, and / 
therefore, / it is difficult to present general /, such as a noncommercial use, /, and ] to be put in practical 
use from the problem of such a number of laminatings, and the temperature characteristic. 
[0005] What was indicated by JP,9-237942,A is known as invention made in order to solve such a 
problem. According to it, it is GaAs as a manufacture substrate. The semi-conductor layer which 
consists of AllnP which can take this substrate and lattice matching among the lower upper parts by the 
side of a substrate in the low refractive-index layer of one [ at least ] semi-conductor distribution Bragg 
reflection mirror is used using a substrate, furthermore, the inside of the lower upper part - the high 
refractive-index layer of one [ at least ] semi-conductor distribution Bragg reflection mirror — GalnNAs 
from — using the becoming semi-conductor layer, a larger refractive-index difference than before is 
acquired, and the semi-conductor distribution Bragg reflection mirror of the high reflection factor in the 
small number of laminatings will be realized 

[0006] Moreover, GalnNAs It is used as an ingredient of a barrier layer. This is because a band gap 
(forbidden-band width of face) can be reduced toward L4eV to OeV by making N presentation increase, 
so it becomes possible from 0.85 micrometers to use long wave length as an ingredient which emits 
light, and GaAs since a substrate and lattice matching are possible - GalnNAs from ~ the becoming 
semi-conductor layer has made reference also about the point desirable as an ingredient for the long- 
wavelength-region side luminescence semiconductor laser of 1.3 -micrometer band and 1.5 5 -micrometer 
band. 

[0007] However, conventionally, it only remains for suggesting the possibility of field luminescence 
semiconductor laser implementation of a long wave length band rather than 0.85 micrometers, and such 
a thing is not realized in fact. It is because the more concrete configuration to obtain actually stabilized 
laser luminescence is still unknown although the configuration with this fundamental was decided 
mostly theoretically. 

[0008] if an example is given - above - AlAs from - the becoming low refractive-index ingredient and 
GaAs from - what used the semi-conductor distribution Bragg reflection mirror formed by carrying out 
the laminating of the becoming high refractive-index ingredient by turns with the period of quarter- wave 
length - Although indicated by JP,9-237942,A, or like In the thing using the semi-conductor layer 
which turns into a low refractive-index layer of a semi-conductor distribution Bragg reflection mirror 
from AllnP which can take this substrate and lattice matching, even if a laser component did not emit 
light at all or emitted light, the luminous efficiency was low, and it was far from practical use level. This 
is easy to produce the crystal defect to which the ingredient containing aluminum is very activity 
chemically, and originates in aluminum. In order to solve this, there is a proposal which constitutes a 
semi-conductor distribution Bragg reflection mirror from GalnNP and GaAs which do not contain 
aluminum like invention indicated by JP,8-340146,A and JP,7-307525,A. However, GalnNP and GaAs 
A refractive-index difference is abbreviation one half compared with the refractive-index difference of 
AlAs and GaAs, it increases the number of laminatings of a reflecting mirror very much, and it becomes 
difficult to manufacture it. 

[0009] That is, in the present condition, although fiber optics communication is expected by the 
computer network etc., the communication system using the long- wavelength-region side luminescence 
semiconductor laser and it whose laser wavelength which can be used for it is 1.1 micrometers - 1 .7 
micrometers does not exist, but it is anxious for the appearance. 
[0010] 

[Problem(s) to be Solved by the Invention] About the long-wavelength-region side luminescence 
semiconductor laser whose laser oscillation wavelength on which this invention is used for such optical 
communication etc. is 1.1 micrometers - 1.7 micrometers, and its optical transmission system, by using 
the surface-emitting type semiconductor laser component chip which can make operating voltage, an 
oscillation threshold current, etc. low as the luminescence light source, the 1st purpose is a low power 
and is in the reliable thing for which an optical transmission system is proposed by stabilizing the optical 
output of semiconductor laser. 

[001 1] Moreover, the 2nd purpose uses the long-wavelength-region side luminescence semiconductor 
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laser component chip whose laser oscillation wavelength which can be stabilized and used is 1.1 
micrometers - 1.7 micrometers as the luminescence light source, and its dependability is highly 
practical, and it is in the reliable thing for which an optical transmission system is proposed by 
stabilizing the optical output of semiconductor laser. 

[0012] Furthermore, the 3rd purpose is in such an optical transmission system to propose an optical 
transmission system with high effectiveness, branching sufficient light controlling a semiconductor laser 
optical output to the photo detector for monitors. 

[0013] Moreover, in such an optical transmission system, the 4th purpose is forming a branching means 
in the mounting substrate which fixes an optical fiber or optical waveguide at a monolithic, and is for 
components mark to propose few compact optical transmission systems. 

[0014] Furthermore, by communalizing such a branching means, the 5th purpose reduces components 
mark and is to propose a compact and a low cost optical transmission system. 

[0015] Moreover, in such an optical transmission system, the 6th purpose is forming a branching means 
in the photo detector side for monitors, and is for components mark to propose few compact optical 
transmission systems. 

[0016] Furthermore, in such an optical transmission system, the 7th purpose is forming a branching 
means in an optical fiber or an optical waveguide end face, and its optical path length is small and it is to 
propose an optical transmission system with them. [ there are few components mark and compact ] 
[0017] 

[Means for Solving the Problem] A branching means to branch the laser beam which carried out 
outgoing radiation from the laser chip and this laser chip, In the optical transmission system containing 
the optical fiber as an optical transmission line or optical waveguide which is carrying out optical 
coupling to the this branched laser beam, and the photo detector which carries out the monitor of the 
laser beam of branched another side Said laser chip the barrier layer in which oscillation wavelength is 
1.1 micrometers - 1.7 micrometers, and generates light The layer which a main element becomes from 
Ga, In, N, and As, or Ga, In, It is the surface-emitting type semiconductor laser component chip which 
has the resonator structure containing the reflecting mirror formed in the upper part and the lower part of 
said barrier layer in order to consider as the layer which consists of As and to obtain a laser beam. While 
the refractive index of the ingredient layer which constitutes it is the semi-conductor distribution Bragg 
reflection mirror which changes periodically with smallness/size and reflects incident light by the 
interference of light wave, said reflecting mirror Said refractive index sets the ingredient layer of 
smallness to AlxGal-xAs (0< x<=l). Said refractive index is the reflecting mirror which set the adult 
ingredient layer to AlyGal-yAs (0 <=y<x<=l). And it is the optical transmission system with which said 
refractive index made the surface-emitting type semiconductor laser component chip which comes to 
prepare ingredient layer AlzGal-zAs (0 <=y<z<x<=l) to which this refractive index takes smallness and 
the value of an adult between between smallness and an adult ingredient layer the luminescence light 
source. It is with the output of said photo detector for monitors, and the optical output of semiconductor 
laser was controlled. 

[0018] Moreover, a branching means to branch the laser beam which carried out outgoing radiation to 
the 2nd from the laser chip and this laser chip, In the optical transmission system containing the optical 
fiber as an optical transmission line or optical waveguide which is carrying out optical coupling to the 
this branched laser beam, and the photo detector which carries out the monitor of the laser beam of 
branched another side Said laser chip the barrier layer in which oscillation wavelength is 1.1 
micrometers - 1.7 micrometers, and generates light The layer which a main element becomes from Ga, 
In, N, and As, or Ga, In, It is the surface-emitting type semiconductor laser component chip which has 
the resonator structure containing the reflecting mirror formed in the upper part and the lower part of 
said barrier layer in order to consider as the layer which consists of As and to obtain a laser beam. While 
the refractive index of the ingredient which constitutes it is the semi-conductor distribution Bragg 
reflection mirror which changes periodically with smallness/size and reflects incident light by the 
interference of light wave, said reflecting mirror Said refractive index sets the ingredient of smallness to 
AlxGal-xAs (0< x<=l). Said refractive index is the reflecting mirror which set the adult ingredient to 
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AlyGal-yAs (0 <=y<x<=l). The surface-emitting type semiconductor laser component chip which 
comes to prepare the nonluminescent recombination prevention layer which consists of GalnP or 
GalnPAs between said barrier layers and said reflecting mirrors is made into the luminescence light 
source, and it is an optical transmission system. It is with the output of said photo detector for monitors, 
and the optical output of semiconductor laser was controlled. 

[0019] Furthermore in the 1st and 2nd optical transmission system of the above, it was made to make 
light transmittance in a use wavelength range 50% or less to the 3rd 1% or more in a branching means to 
branch the optical output from said semiconductor laser. 

[0020] Moreover, to the 4th, said branching means made some mounting substrates which fix an optical 

fiber or optical waveguide in the 1st and 2nd optical transmission system of the above. 

[0021] While said semiconductor laser consisted of two or more independent light emitting devices and 

also had independently two or more optical fibers or optical waveguides, and photo detectors for 

monitors corresponding to it, it was made for said branching means to be a branching means which is 

the structure prepared in them in common in the 5th above 1st - the 4th optical transmission system 

furthermore. 

[0022] Moreover, in the 1st, 2nd, and 3rd optical transmission system of the above, or said branching 
means was a part of photo detector, it was formed in the front face the 6th. 

[0023] Furthermore in the 1st, 2nd, and 3rd optical transmission system of the above, said branching 

means was formed in the 7th at the end face of an optical fiber or waveguide. 

[0024] 

[Embodiment of the Invention] One example of the long-wavelength-region side luminescence 
semiconductor laser whose laser oscillation wavelength with few transmission losses which are the light 
emitting devices first applied to the optical transmission system of this invention is 1.1 micrometers - 
1.7 micrometers is explained using drawing 1 . 

[0025] As mentioned above, about the long- wavelength-region side luminescence semiconductor laser 
whose laser oscillation wavelength which this invention is going to apply is 1.1 micrometers - 1.7 
micrometers, it was only that there is suggestion of the possibility, and the ingredient for implementation 
and the more concrete and detailed configuration were conventionally unknown. In this invention, 
ingredients, such as GalnNAs, were used as a barrier layer and the still more concrete configuration was 
clarified. It is explained in full detail below. 

[0026] In this invention, on the n-GaAs substrate of field bearing (100) The wavelength lambda in each 
medium 1/4 time the thickness of an oscillation By (lambda/4 of thickness), n-AlxGal-xAs n-semi- 
conductor distribution Bragg reflection mirror (AlAs/GaAs lower semi-conductor distribution Bragg 
reflection mirror) which carried out 35 period laminating of the n- AlyGal-yAs (y= 0) (layer of high 
refractive-index layer - refractive-index size) by turns is formed. (x= 1.0) (layer of low refractive-index 
layer - refractive-index smallness) The laminating of the n-GaxInl-xPyAsl-y (x= 0.5, y= 1) layer of 
lambda/4 of thickness was carried out on it. In this example, n-GaxInl-xPyAsl-y (x= 0.5, y= 1) layers 
are also some lower reflecting mirrors, and are low refractive-index layers (layer of refractive-index 
smallness). 

[0027] And on it, the laminating of an undoping lower GaAs spacer layer, the multiplex quantum well 
barrier layer which consists of a barrier layer (quantum well barrier layer) which is a three-layer Gaxlnl- 
xAs quantum well layer, and a GaAs barrier layer (20nm), and the undoping up GaAs spacer layer is 
carried out, and they form the resonator of the thickness for one wave of the oscillation wavelength 
lambda in a medium (thickness of lambda). 

[0028] Furthermore on it, the laminating of the periodic structure (one period) which carried out the 
laminating of the Zn dope p-AlxGal-xAs (x= 0) to the p-GaxInl-xPyAsl-y (x= 0.5, y= 1) layer of C 
(carbon) dope by turns on the wavelength lambda in each medium 1/4 time the thickness of an 
oscillation is carried out. On it p-AlxGal-xAs of C dope (x= 0.9) and Zn dope p-AlxGal-xAs The semi- 
conductor distribution Bragg reflection mirror (aluminum0.9Ga0.1 As/GaAs up semi-conductor 
distribution Bragg reflection mirror) which consists of periodic structure (25 periods) which carried out 
the laminating of (x= 0) by turns on the wavelength lambda in each medium 1/4 time the thickness of an 
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oscillation is formed. In this example, p-GaxInl-xPyAsl-y (x= 0.5, y= 1) layers are also some up 
reflecting mirrors, and are low refractive-index layers (layer of refractive-index smallness). 
[0029] In addition, although the laminating of a low refractive-index layer (layer of refractive-index 
smallness) / the high refractive-index layer (layer of refractive-index size) is carried out also to the upper 
part / lower reflecting mirror by turns, respectively and being formed, by this invention, the refractive 
index has prepared among these ingredient layer AlzGal-zAs (0 <=y<z<x<=l) which takes smallness 
and the value of an adult between here. Drawing 2 shows some semi-conductor distribution Bragg 
reflection mirrors which prepared ingredient layer AlzGal-zAs (0 <=y<z<x<=l) to which a refractive 
index takes smallness and the value of an adult between between the low refractive-index layer (layer of 
refractive-index smallness), and the high refractive-index layer (layer of refractive-index size) (in 
drawing 1 , it is omitting illustrating, since drawing becomes complicated). 

[0030] Although examination is carried out, it is still an examination phase, and it is not examined by 
the detail to the ingredient or its thickness that laser wavelength prepares such an ingredient layer about 
the semiconductor laser of 0.85-micrometer band conventionally, either. Moreover, laser oscillation 
wavelength like this invention is not examined at all about the long-wavelength-region side 
luminescence semiconductor laser which is 1.1 micrometers - 1.7 micrometers. This field (long- 
wavelength-region side luminescence semiconductor laser whose laser oscillation wavelength is 1.1 
micrometers -1.7 micrometers) is a new field, and that reason is that research has hardly progressed yet. 

[0031] this invention person has noticed promptly the usefulness of this field (optical communication 
using the long-wavelength-region side luminescence semiconductor laser and it whose laser oscillation 
wavelength is 1.1 micrometers - 1.7 micrometers), and in order to realize it, he inquired wholeheartedly. 
[0032] A quantity of gas flow is controlled at the time of formation, and as such an ingredient layer 
changes the aluminum presentation continuously or gradually, as the refractive index of the ingredient 
layer changes continuously or gradually, it forms it. 

[0033] As the ratio of aluminum and Ga changes to the condition of GaAs-AlGaAs-AlAs gradually, 
more specifically, it forms the value of z of an AlzGal-zAs (0 <=y<z<x<=l) layer in it, so that it may 
change from 0 to 1 .0 that is,. This is created by controlling a quantity of gas flow as mentioned above at 
the time of the stratification. Moreover, as the ratio of aluminum and Ga changes continuously as 
mentioned above, it may form, and even if it makes it the ratio change gradually, there is equivalent 
effectiveness. 

[0034] The reason for preparing such an ingredient layer is for solving the technical problem that the 
electric resistance of p-semi-conductor distribution Bragg reflection mirror which is one of the troubles 
which a semi-conductor distribution Bragg reflection mirror has is high. Although the hetero obstruction 
which produces this in the interface of two kinds of semi-conductor layers which constitute a semi- 
conductor distribution Bragg reflection mirror is the cause, it is possible by changing a refractive index, 
as aluminum presentation changes from one presentation to the presentation of another side gradually 
like this invention at the interface of a low refractive-index layer and a high refractive-index layer to 
control generating of a hetero obstruction. 

[0035] Moreover, if it is good to consider as the thickness which is 5nm - 50nm and it is thinner than 
this, a large next door current cannot flow [ resistance ] easily, and ingredient layer AlzGal-zAs (0 
<=y<z<x<=l) to which such a refractive index takes smallness and the value of an adult between has the 
fault that a component generates heat or drive energy becomes high, when laser oscillation wavelength 
like this invention is the long- wavelength-region side luminescence semiconductor laser which is 1.1 
micrometers - 1.7 micrometers. Moreover, although resistance will serve as smallness and it will 
become advantageous in respect of generation of heat of a component, and drive energy if thick, there is 
fault that a reflection factor cannot be taken and it is necessary to choose shortly, the range (thickness 
which is 5nm - 50nm) optimal as mentioned above. 

[0036] In addition, although it is also examined that the conventional laser wavelength prepares such an 
ingredient layer about the semiconductor laser of 0.85-micrometer band as mentioned above, it is more 
effective when laser oscillation wavelength like this invention is the long- wavelength-region side 
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luminescence semiconductor laser which is 1.1 micrometers - 1.7 micrometers. Because, in order to 
obtain an equivalent reflection factor (for example, 99.5% or more), for example, since such an 
ingredient layer can be made into about about 2 times in the case of 1 . 1 -micrometer band - 1 .7- 
micrometer band, the resistance of a semi-conductor distribution Bragg reflection mirror can be reduced, 
and operating voltage, an oscillation threshold current, etc. become low, and become advantageous in 
respect of exoergic prevention of a laser component and a stable oscillation, and a few energy drive from 
0.85-micrometer band. 

[0037] That is, it can be especially called effective device to prepare such an ingredient layer in a semi- 
conductor distribution Bragg reflection mirror, when laser oscillation wavelength like this invention is 
the long-wavelength-region side luminescence semiconductor laser which is 1.1 micrometers - 1.7 
micrometers. 

[0038] When an example of the more detailed examination result for obtaining an effective reflection 
factor is given, for example in addition, in a 1.3 micrometer band surface-emitting type laser element 
[ when 20 period laminating of the AlyGal-yAs (y= 0) (layer of high refractive-index layer - refractive- 
index size) is carried out to AlxGal-xAs (x= 1.0) (layer of low refractive-index layer - refractive-index 
smallness) ] The thickness of the AlzGal-zAs (0 <=y<z<x<=l) layer from which the reflection factor of 
a semi-conductor distribution Bragg reflection mirror becomes 99.7% or less is 30nm. Moreover, the 
wavelength band where a reflection factor becomes 99.5% or more is 53nm, and when a reflection factor 
is designed with 99.5% or more, it just performs **2% of thickness control. Then, when the thing (lOnm 
[ equivalent to this and ] thinner than this, 20nm, and 30nm) was made as an experiment, the reflection 
factor could be maintained at extent which is satisfactory practically, and the 1 .3 micrometer band 
surface-emitting type laser element which was able to reduce the resistance of a semi-conductor 
distribution Bragg reflection mirror was succeeded in implementation and laser oscillation. In addition, 
other configurations of the laser component made as an experiment are as below-mentioned. 
[0039] In addition, in a multilayers reflecting mirror, there is a band where a reflection factor is high 
including design wavelength (noting that thickness control is completely possible). It is called the band 
(a reflection factor includes the field which is beyond a need value to the wavelength of an aim) of a 
high reflection factor. It is the field to which it is falling every very only as the reflection factor of 
design wavelength is the highest and wavelength separates. This falls rapidly from a certain field. And it 
is necessary to control the thickness of a multilayers reflecting mirror by atomic layer level completely 
essentially to become more than a required reflection factor to the wavelength of an aim. However, since 
about ** 1% of thickness error is produced in fact, the wavelength and the wavelength with the highest 
reflection factor of an aim will shift. For example, when the wavelength of an aim is 1.3 micrometers 
and thickness control shifts 1%, 13nm of wavelength with the highest reflection factor will shift. 
Therefore, the larger one of this band (field whose reflection factor is beyond a need value to the 
wavelength of an aim here) of a high reflection factor is desirable. However, when an interlayer is 
thickened, it is in the inclination for this band to become narrow. 

[0040] Thus, since resistance can be reduced maintaining a reflection factor highly when laser 
oscillation wavelength like this invention sets to the long-wavelength-region side luminescence 
semiconductor laser which is 1.1 micrometers - 1.7 micrometers and devises and optimizes the 
configuration of such a semi-conductor distribution Bragg reflection mirror, operating voltage, an 
oscillation threshold current, etc. can be made low, and exoergic prevention of a laser component and a 
stable oscillation, and a few energy drive are attained. 

[0041] The p-AlxGal-xAs (x= 0) layer of return and the topmost part also has a role of a contact layer 

(p-contact layer) for taking an electrode and contact in drawing 1 again. 

[0042] Here, the In presentation x of a quantum well barrier layer was made into 39% 

(GaO.61InO.39As). Moreover, thickness of a quantum well barrier layer was set to 7nm. In addition, the 

quantum well barrier layer had about 2.8% of compressive strain to the GaAs substrate. 

[0043] moreover, the growth approach of this whole surface-emitting type semiconductor laser — 

MOCVD - it carried out by law. In this case, grid relaxation was not seen. TMA (trimethylaluminum), 

TMG (trimethylgallium), TMI (trimethylindium), AsH3 (arsine), and PH3 (phosphoretted hydrogen) 
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were used for the raw material which constitutes each class of semiconductor laser. Moreover, H2 was 
used for carrier gas. Like the barrier layer (quantum well barrier layer) of the component shown in 
drawing 1 , when distortion is large, the low-temperature growth which is un-balancing is desirable. 
Here, the GalnAs layer (quantum well barrier layer) is grown up at 550 degrees C. A degree of 
supersaturation is high and the MOCVD method used here is suitable for the crystal growth of a high 
distorted barrier layer. Moreover, a high vacuum like the MBE method is not needed, but since what is 
necessary is just to control the supply flow rate and supply time amount of material gas, it excels also in 
mass-production nature. 

[0044] Moreover, from this example, the insulating layer (high resistance section) was made for the part 
besides a current path by proton (H+) exposure, and current straitness **** was formed in it. 
[0045] And in this example, except for the optical outgoing radiation section, p lateral electrode was 
formed on p-contact layer which is a layer of the topmost part of an up reflecting mirror, and serves as 
an up reflecting mirror part, and n lateral electrode was formed in the rear face of a substrate. 
[0046] In the active region (resonator which consists of the upper part and a lower spacer layer, and a 
multiplex quantum well barrier layer in this example) which was inserted into the vertical reflecting 
mirror in this example and which a carrier is poured in and recombined Into the active region, the layer 
nearest to a barrier layer of the lower part and the low refractive-index layer of an up reflecting mirror is 
further used as the nonluminescent recombination prevention layer of GaxInl-xPyAsl-y (0< x<l, 0< 
y<=l) not using the ingredient (the percentage of occupying to III groups is 1% or more) containing 
aluminum. When a carrier is poured in and recombined, nonluminescent recombination will arise in this 
interface and luminous efficiency will fall in having considered as the structure which contained 
aluminum in the low refractive-index layer (wide gap layer) of the reflecting mirror which touches an 
active region, even if it constituted only the active region from a layer (the percentage of occupying to 
III groups is 1% or less) which does not contain aluminum since the carrier was confined in the barrier 
layer between the low refractive-index layers of the upper part which is a wide gap most soon, and a 
lower reflecting mirror. Therefore, as for an active region, constituting from a layer which does not 
contain aluminum is desirable. 

[0047] Moreover, that lattice constant of the nonluminescent recombination prevention layer which 
consists of this GaxInl-xPyAsl-y (0< x<l, 0< y<=l) layer is smaller than a GaAs substrate, and it has 
tension distortion. 

[0048] In epitaxial growth, since it grows up reflecting the information on a substrate, if a defect is 
shown in a substrate front face, it creeps up to the growth phase. However, if there is a distorted layer, it 
is known that such a defect crawls, a riser is stopped and it is effective. 

[0049] Luminous efficiency will be reduced if the above-mentioned defect reaches a barrier layer. 
Moreover, in the barrier layer which has distortion, critical thickness decreases and the problem of being 
unable to grow up produces the layer of required thickness. When especially the amount of compressive 
strains of a barrier layer is as large as 2% or more, or when growing up more thickly than the thickness 
criticality thickness of a distorted layer, it poses especially a problem that it cannot grow up in existence 
of a defect even if it performs non-balancing growth of low-temperature growth etc. Since such a defect 
will crawl and a riser will be stopped if there is a distorted layer, luminous efficiency can be improved, 
the amount of compressive strains of a barrier layer can grow 2% or more of layer, or it becomes 
possible to grow up the thickness of a distorted layer more thickly than critical thickness. 
[0050] Although this GaxInl-xPyAsl-y (0< x<l, 0< y<=l) layer also has the role which is in contact 
with the active region and confines a carrier in an active region, a GaxInl-xPyAsl-y (0< x<l, 0< y<=l) 
layer can take large bandgap energy, so that a lattice constant becomes small. For example, in Gaxlnl- 
xP (in the case of y= 1), if x becomes large and approaches GaP, a lattice constant will become large and 
a band gap will become large. A band gap Eg is given with Eg(gamma) =1.351+0.643x+0.786 x2 by 
direct transition, and is given with Eg(X) =2.24+0.02x by the indirect transition. Therefore, since it 
becomes large, eye carrier ****** becomes good, and the hetero obstruction of an active region and a 
GaxInl-xPyAsl-y (0< x<l, 0< y<=l) layer has effectiveness, such as threshold current reduction and a 
temperature characteristic improvement. 
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[0051] That lattice constant of the nonluminescent recombination prevention layer which furthermore 
consists of this GaxInl-xPyAsl-y (0< x<l, 0< y<=l) layer is larger than a GaAs substrate, it has the 
compressive strain and the lattice constant of said barrier layer has the compressive strain more greatly 
than said GaxInl-xPyAsl-y (0< x<l, 0< y<=l) layer. 

[0052] Moreover, since the distorted direction of this GaxInl-xPyAsl-y (0< x<l, 0< y<=l) layer is the 
same direction as a barrier layer, it works in the direction which reduces the substantial amount of 
compressive strains which a barrier layer senses. Since it is easy to be influenced of an external factor so 
that distortion is large, it is effective, when the amount of compressive strains of a barrier layer is as 
large as 2% or more, or especially when critical thickness is exceeded. 

[0053] For example, it is desirable that oscillation wavelength forms the surface-emitting type laser of 
1 .3-micrometer band on a GaAs substrate, and total thickness needs to grow up a 50-80-layer semi- 
conductor layer to be a resonator before barrier layer growth by 5-8 micrometers, using a semi- 
conductor multilayers reflecting mirror in many cases. In this case (On the other hand, in the case of an 
edge surface-emitting type laser, the total thickness before barrier layer growth should just grow an 
about three-layer semi-conductor layer by about 2 micrometers.) Even if it uses the GaAs substrate of 
high quality, compared with the defect density of a GaAs substrate front face, the defect density of the 
front face in front of barrier layer growth will increase inevitably by various causes (fundamentally, the 
defect generated once creeps up in the crystal growth direction, and has defective generating by the 
hetero interface etc.). Before barrier layer growth, insertion of a distorted layer and the effect of the 
defect shown in the front face in front of barrier layer growth when the substantial amount of 
compressive strains which a barrier layer senses decreases can be reduced now. 

[0054] In this example, since it considered as the configuration which does not contain aluminum in the 
interface of the inside of an active region, and a reflecting mirror and an active region, the 
nonluminescent recombination from which the crystal defect which originated in aluminum at the time 
of carrier impregnation becomes a cause was lost, and nonluminescent recombination decreased. 
[0055] As mentioned above, although it is desirable that a vertical reflecting mirror applies to consider 
as the configuration which does not contain aluminum in the interface of a reflecting mirror and an 
active region, namely, to prepare a nonluminescent recombination prevention layer, applying to one 
reflecting mirror is also effective. Moreover, in this example, it considered as the semi-conductor 
distribution Bragg reflection mirror with the vertical reflecting mirror, and is [ one reflecting mirror is 
used as a semi-conductor distribution Bragg reflection mirror, and ] good also considering the reflecting 
mirror of another side as a dielectric reflecting mirror. 

[0056] Moreover, although only the layer nearest to a barrier layer of a reflecting mirror low refractive- 
index layer is used as the nonluminescent recombination prevention layer of GaxInl-xPyAsl-y (0< x<l, 
0< y<=l) in the above-mentioned example, it is good also considering Gaxlnof two or more layers 1 - 
xPyAsl-y (0< x<l, 0< y<=l) as a nonluminescent recombination prevention layer, 
[0057] Furthermore, in this example, this idea is applied to the lower reflecting mirror between a GaAs 
substrate and a barrier layer, the bad influence to the barrier layer of the crystal defect resulting from 
aluminum which poses a problem at the time of growth of a barrier layer depended for creeping up is 
pressed down, and crystal growth of the barrier layer can be carried out to high quality. Luminous 
efficiency was high and surface-emitting type semiconductor laser with practically sufficient 
dependability was obtained by these. Moreover, it is not all the low refractive-index layers of a semi- 
conductor distribution Bragg reflection mirror, and the above-mentioned effectiveness has been 
acquired, without making especially the number of laminatings of a reflecting mirror increase, since the 
part nearest to an active region at least was only used as the GaxInl-xPyAsl-y (0< x<l, 0< y<=l) layer 
which does not contain aluminum. 

[0058] Thus, the oscillation wavelength of the manufactured surface-emitting type semiconductor laser 
was about 1.2 micrometers. Although GalnAs on a GaAs substrate was formed into long wavelength by 
the increment in In presentation, even 1.1 micrometers was conventionally considered to be the 
limitation of the formation of long wavelength with the increment in the amount of distortion (refer to 
reference "IEEE Photonics.Technol.Lett.Vol.9(1997) pp.1319-1321"). 
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[0059] However, as the artificer manufactured this time, it became possible to carry out coherent growth 
of the GalnAs quantum well barrier layer of high distortion more thickly than before with the high 
grown method of non-unbalance, such as low-temperature growth of 600 degrees C or less, and 
wavelength has reached to 1 .2 micrometers. In addition, this wavelength is transparent to Si semi- 
conductor substrate. Therefore, the optical transmission which let Si substrate pass in the circuit chip 
which accumulated the electronic device and the light corpuscle child on Si substrate becomes possible. 
[0060] By using GalnAs of a high compressive strain with large In presentation for a barrier layer so 
that more clearly than the above explanation showed that the surface-emitting type semiconductor laser 
of a long wavelength region could be formed on a GaAs substrate. 

[0061] in addition, such [ as mentioned above ] surface-emitting type semiconductor laser — MOCVD — 
although it can be made to grow up by law - MBE — other growth approaches, such as law, can also be 
used. Moreover, as a laminated structure of a barrier layer, although the example of 3-fold quantum-well 
structure (TQW) was shown, the structure (SQW, MQW) using the quantum well of other numbers of 
wells etc. can also be used. 

[0062] Structure of laser may also be made into other structures. Moreover, although cavity length 
considered as the thickness of lambda, it can be made into lambda/2 of integral multiples. It is the 
integral multiple of lambda desirably. Moreover, although the example using GaAs as a semi-conductor 
substrate was shown, even when other semi-conductor substrates, such as InP, are used, the above- 
mentioned view can be applied. Other periods are sufficient as the period of a reflecting mirror. 
[0063] in addition — although this example showed the layer which a main element becomes from Ga, 
In, and As, i.e., the example of GaxInl-xAs (GalnAs barrier layer), as a barrier layer — more — a long 
wave — the layer (GalnNAs barrier layer) which N is added and a main element becomes from Ga, In, 
N, and As in order to perform merit's laser oscillation - then, it is good. 

[0064] By actually changing the presentation of a GalnNAs barrier layer, it was possible in each of 1.3- 
micrometer band and 1.5 5 -micrometer band to have performed laser oscillation, considering a 
presentation - further — a long wave - merit's, for example, 1.7-micrometer band, surface emission- 
type laser also becomes possible. 

[0065] Moreover, even if it uses GaAsSb for a barrier layer, 1 .3-micrometer **** luminescence laser is 
realizable on a GaAs substrate. Thus, although semiconductor laser with a wavelength of 1.1 
micrometers - 1.7 micrometers did not have the conventionally suitable ingredient, the stable oscillation 
could realize highly efficient field luminescence laser in the long wavelength field of the difficult 
wavelength band of 1.1 micrometers - 1.7 micrometers conventionally by preparing a nonluminescent 
recombination prevention layer in a barrier layer, using GalnAs of high distortion, GalnNAs, and 
GaAsSb. 

[0066] Next, other configurations of the long-wavelength-region surface-emitting type semiconductor 
laser which is the light emitting device applied to the optical transceiver system of this invention are 
explained using drawing 3 . 

[0067] Also in this case, the n-GaAs substrate of field bearing (100) is used like the case of drawing 1 . 
The wavelength lambda in each medium 1/4 time the thickness of an oscillation n- semi-conductor 
distribution Bragg reflection mirror (aluminum0.9Ga0.1 As/GaAs lower reflecting mirror) which carried 
out 35 period laminating of n-AlxGal-xAs (x= 0.9) and the n-AlxGal-xAs (x= 0) by turns by (lambda/4 
of thickness) is formed. The laminating of the n-GaxInl-xPyAsl-y (x= 0.5, y= 1) layer of lambda/4 of 
thickness was carried out on it. In this example, n-GaxInl-xPyAsl-y (x= 0.5, y= 1) layers are also some 
lower reflecting mirrors, and are low refractive-index layers. 

[0068] And the multiplex quantum well barrier layer (this example 3-fold quantum well (TQW)) which 

consists of an undoping lower GaAs spacer layer, a barrier layer (quantum well barrier layer) which is a 

three-layer GaxInl-xNyAsl-y quantum well layer, and a GaAs barrier layer (15nm) on it, The 

laminating of the undoping up GaAs spacer layer is carried out, and it forms the resonator of the 

thickness for one wave of the oscillation wavelength in a medium (thickness of lambda). 

[0069] Furthermore on it, p-semi-conductor distribution Bragg reflection mirror (up reflecting mirror) is 

formed. 
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[0070] the low refractive-index layer (thickness — the C dope p-GaxInl-xPyAsl-y (x= 0.5, y= 1) layer 
of (lambda / four to 1 5 run) --) of the thickness of 31ambda/4 whose AlAs layer from which an up 
reflecting mirror serves as a selected oxidizing zone was pinched in the GalnP layer and the AlGaAs 
layer A C dope p-AlzGal-zAs (z= 1) selected oxidizing zone (30nm in thickness) and thickness The C 
dope p-AlxGal-xAs layer of (21ambda / four to 15 nm) (x= 0.9), Thickness lambda/4 of GaAs layers 
(one period), The p-AlxGal-xAs layer of C dope It is the semi-conductor distribution Bragg reflection 
mirror (aluminum0.9Ga0.1 As/GaAs up reflecting mirror) which consists of periodic structures (22 
periods) which carried out the laminating by turns on wavelength 1/4 time the thickness of the 
oscillation in each medium of (x= 0.9) and a p-AlxGal-xAs (x= 0) layer. 

[0071] In addition, also in this example, although it is omitting illustrating since it becomes complicated 
in drawing 3 , the structure of a semi-conductor distribution Bragg reflection mirror prepares ingredient 
layer AlzGal-zAs (0 <=y<z<x<=l) to which a refractive index takes smallness and the value of an adult 
between between a low refractive-index layer (layer of refractive-index smallness) as shown in drawing 
2 , and a high refractive-index layer (layer of refractive-index size). 

[0072] And the topmost p-AlxGal-xAs (x= 0) layer is also giving a role of a contact layer (p-contact 
layer) for taking an electrode and contact. 

[0073] The In presentation x of a quantum well barrier layer made N (nitrogen) presentation 0.5% 37% 
here. Moreover, thickness of a quantum well barrier layer was set to 7nm. 

[0074] moreover, the growth approach of this surface-emitting type semiconductor laser - MOCVD — it 
carried out by law. DMHy (dimethylhydrazine) was used for the raw material which constitutes each 
class of semiconductor laser at TMA (trimethylaluminum), TMG (trimethylgallium), TMI 
(trimethylindium), AsH3 (arsine), PH3 (phosphoretted hydrogen), and the raw material of nitrogen. 
DMHy is desirable, when it is suitable for the low-temperature growth following 600 degrees C and 
grows up the large quantum well layer of a required distortion of especially low-temperature growth, 
since it decomposes at low temperature. In addition, H2 was used for carrier gas. 
[0075] Moreover, in this example, the GalnNAs layer (quantum well barrier layer) grew at 540 degrees 
C. The MOCVD method is suitable for the crystal growth of the ingredient with which the degree of 
supersaturation contained high V group of N and others in coincidence. Moreover, a high vacuum like 
the MBE method is not needed, but since what is necessary is just to control the supply flow rate and 
supply time amount of material gas, it excels also in mass-production nature. 

[0076] Furthermore, in this example, the side face of a p-AlzGal-zAs (z= 1) selected oxidizing zone is 
exposed, and it forms, and the AlzGal-zAs (z= 1) layer in which the side face appeared is oxidized from 
a side face with a steam, and AlxOy current straitness **** is formed until it reaches a p-GaxInl- 
xPyAsl-y (x= 0.5, y= 1) layer in the mesa part of predetermined magnitude. 
[0077] Finally flattening of the part removed by mesa etching was embedded and carried out with 
polyimide (insulator layer), the polyimide on an up reflecting mirror was removed, p lateral electrode 
was formed except for the optical outgoing radiation section on p-contact layer, and n lateral electrode 
was formed in the rear face of a GaAs substrate. 

[0078] In this example, the GaxInl-xPyAsl-y (0< x<l, 0< y<=l) layer is inserting in the lower part of a 
selected oxidizing zone as some up reflecting mirrors. For example, if sulfuric-acid system etchant is 
used, since a GalnPAs system can be used as an etching halt layer to an AlGaAs system, it is that the 
GaxInl-xPyAsl-y (0< x<l, 0< y<=l) layer is inserted, and the height of mesa etching for selective 
oxidation can be strictly controlled by the case of wet etching. For this reason, homogeneity and 
repeatability are raised and low cost-ization can be attained. 

[0079] Moreover, when the surface-emitting type semiconductor laser (component) of this example is 
accumulated on a single dimension or two dimensions, and the controllability at the time of component 
manufacture becomes good, it is effective in the homogeneity of the component property of each 
component in an array and repeatability becoming very good. 

[0080] In addition, although the GaxInl-xPyAsl-y (0< x<l, 0< y<=l) layer which serves as an etching 
stop layer was prepared in the up reflecting mirror side in this example, you may prepare in a lower 
reflecting mirror side. 
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[0081] Moreover, also in this example, it sets to the active region (resonator which consists of the upper 
part and a lower spacer layer, and a multiplex quantum well barrier layer in this example) which was 
inserted into the vertical reflecting mirror and which a carrier is poured in and recombined. Into the 
active region, the layer nearest to a barrier layer of the lower part and the low refractive-index layer of 
an up reflecting mirror is further used as the nonluminescent recombination prevention layer of Gaxlnl- 
xPyAsl-y (0< x<l, 0< y<=l) not using the ingredient containing aluminum. That is, in this example, 
since it is considering as the configuration which does not contain aluminum in the interface of the 
inside of an active region, and a reflecting mirror and an active region, the nonluminescent 
recombination from which the crystal defect which originated in aluminum at the time of carrier 
impregnation becomes a cause can be reduced. 

[0082] In addition, although it is desirable to apply the configuration which does not contain aluminum 
in the interface of a reflecting mirror and an active region to a vertical reflecting mirror like this 
example, applying to one of reflecting mirrors is also effective. Moreover, in this example, it considered 
as the semi-conductor distribution Bragg reflection mirror with the vertical reflecting mirror, and is [ one 
reflecting mirror is used as a semi-conductor distribution Bragg reflection mirror, and ] good also 
considering the reflecting mirror of another side as a dielectric reflecting mirror. 
[0083] Furthermore, the bad influence to the barrier layer of the crystal defect which originates in 
aluminum which poses a problem at the time of growth of a barrier layer since the idea same to the 
lower reflecting mirror between a GaAs substrate and a barrier layer as the case of the example of 
drawing 1 was applied depended for creeping up is pressed down also in this example, and crystal 
growth of the barrier layer can be carried out to high quality. 

[0084] In addition, since such a nonluminescent recombination prevention layer constitutes some semi- 
conductor distribution Bragg reflection mirrors also in which configuration of drawing 1 and drawing 3 , 
it makes the thickness the wavelength lambda in a medium (lambda/4 of thickness) 1/4 time the 
thickness of an oscillation. Or two or more layers may also prepare it. 

[0085] By such configuration, luminous efficiency was high and surface-emitting type semiconductor 
laser with practically sufficient dependability was obtained so that more clearly than the above 
explanation. Moreover, it was not all the low refractive-index layers of a semi-conductor distribution 
Bragg reflection mirror, and the above-mentioned effectiveness was able to be acquired, without making 
especially the number of laminatings of a reflecting mirror increase, since the part nearest to an active 
region at least was only used as the nonluminescent recombination prevention layer of GaxInl-xPyAsl- 
y (0< x<l, 0< y<=l) which does not contain aluminum. 

[0086] Moreover, since the embedding of polyimide is easy even if it makes it such a configuration, it is 
hard to carry out the stage piece of the wiring (this example p lateral electrode), and what has the high 
dependability of a component is obtained. Thus, the oscillation wavelength of the manufactured surface- 
emitting type semiconductor laser was about 1.3 micrometers. 

[0087] In this example, the surface-emitting type semiconductor laser of a long wavelength region has 
been formed on the GaAs substrate by that (GalnNAs barrier layer) which used for the barrier layer the 
layer which a main element becomes from Ga, In, N, and As. Moreover, since the selective oxidation of 
the selected oxidizing zone which used aluminum and As as the principal component performed ** in 
current straitness, the threshold current was low. 

[0088] According to current straitness ****** using current straitness **** which consists of an 
aluminum oxide film which carried out selective oxidation of the selected oxidizing zone, the breadth of 
a current can be stopped by bringing close and forming current straitness **** in a barrier layer, and a 
carrier can be efficiently confined in the minute field which cannot touch atmospheric air. Furthermore, 
a refractive index becomes small by oxidizing and becoming aluminum oxide film, light can be 
efficiently confined in the minute field in which the carrier was confined by the effectiveness of a 
convex lens, effectiveness becomes good extremely, and a threshold current can be reduced. Moreover, 
since current straitness ****** can be formed easily, a manufacturing cost can be reduced. 
[0089] Also in a configuration like drawing 3 , the surface-emitting type semiconductor laser of 1.3- 
micrometer band can be realized like the case of drawing 1 so that clearly from the above explanation, 
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and moreover, the component of low cost is obtained with a low power. 

[0090] in addition, the surface-emitting type semiconductor laser of drawing 3 - the case of drawing 1 — 
the same -- MOCVD -- although it can be made to grow up by law ~ MBE - other growth approaches, 
such as law, can also be used. Moreover, although DMHy was used for the raw material of nitrogen, 
activated nitrogen and the nitride of NH3 grade others can also be used. 

[0091] Although the example of 3 -fold quantum- well structure (TQW) was furthermore shown as a 
laminated structure of a barrier layer, the structure (SQW, DQW, MQW) using the quantum well of 
other numbers of wells etc. can also be used. Structure of laser may also be made into other structures. 
[0092] moreover, the thing for which the presentation of a GalnNAs barrier layer is changed in the 
surface-emitting type semiconductor laser of drawing 3 -- 1.5 5 -micrometer band — further - more - a 
long wave — the surface-emitting type semiconductor laser of merit's 1.7-micrometer band also becomes 
possible. Other III-V group elements, such as Tl, Sb, and P, may be contained in the GalnNAs barrier 
layer. Moreover, even if it uses GaAsSb for a barrier layer, the surface-emitting type semiconductor 
laser of 1 .3-micrometer band is realizable on a GaAs substrate. 

[0093] In addition, although even 1.1 micrometers was conventionally considered to be the limitation of 
the formation of long wavelength when GalnAs was used for a barrier layer, it becomes possible to grow 
up more thickly than before the GalnAs quantum well barrier layer of high distortion with low- 
temperature growth of 600 degrees C or less, and wavelength can reach to 1.2 micrometers. Thus, 
although semiconductor laser with a wavelength of 1.1 micrometers - 1.7 micrometers did not have the 
conventionally suitable ingredient, a stable oscillation can realize now highly efficient field 
luminescence laser in the long wavelength field of the difficult wavelength band of 1.1 micrometers - 
1 .7 micrometers conventionally, and it came to be able to perform application to an optical transmission 
system by preparing a nonluminescent recombination prevention layer in a barrier layer, using GalnAs 
of high distortion, GalnNAs, and GaAsSb. 

[0094] Drawing 4 shows the example which formed such a long- wavelength-region side luminescence 
semiconductor laser component in the n-GaAs wafer of field bearing (100) as much chips, and a laser 
component chip, although 1-n laser components are formed, according to that application, as for that 
number n, a number and the array approach are decided to be this laser component chip come out of and 
shown. 

[0095] The mimetic diagram showing relation with the mirror and the photo detector for monitors which 
are a branching means to change semiconductor laser and its optical output into the object for optical 
communication and monitors, and to branch the energy ratio, as an example of the optical transmission 
system using long-wavelength-region side luminescence semiconductor laser is shown in drawing 5 . in 
addition - although the same is said of this drawing 5 and below-mentioned drawing 7 , and drawing 8 - 

- space - receiving - the laser component of plurality [ perpendicular direction ] - the shape of an array 

— and it has the composition of having also prepared two or more optical waveguides corresponding to it 
(only one piece is shown by a diagram.). Communication system consists of the optical transmitting 
section which has surface-emitting type semiconductor laser and its drive circuit, a two-dimensional 
photo detector and the optical light sensing portion which has the drive circuit and an optical fiber which 
acts as a transmission route between them, or optical waveguide. Here, although the drive circuit of 
semiconductor laser and a two-dimensional photo detector is not illustrated, it is mounted on the same 
mounting substrate as each component, or is made like laser component formation according to a wafer 
process to a semiconductor laser component formation substrate. Moreover, they are the optical 
transmitting section and an optical light sensing portion (the above-mentioned light sensing portion for 
monitors of the optical light sensing portion as used in the field of here is a different thing.) to the both 
sides of an optical transmission path. Illustration has not been carried out. It is having and the optical 
transmission system which performs a bidirectional communication link can be realized. 

[0096] The laser beam by which outgoing radiation was carried out from one field of a long- wavelength- 
region side luminescence laser array component as shown in drawing 5 branches by the mirror, and is 
led to the optical fiber or optical waveguide which set the optical axis. Another [ which branched by the 
mirror ] light is led to the photo detector for monitors. In order for the mirror which branches this laser 
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beam to carry out the monitor of the output of semiconductor laser here and to control the output of 
semiconductor laser using the output of the photo detector for monitors, The smaller one of the optical 
reinforcement which branches to the photo detector side for monitors is good within the sensibility of a 
photo detector, and when the power consumption of an optical transmission system etc. is taken into 
consideration, as for many of branched light, it is desirable to branch to an optical fiber [ as a 
transmission route which transmits data as a lightwave signal ], and optical waveguide side. Therefore, 
in the range of 1 .1-1 .7-micrometer wavelength used for this invention, the mirror which controlled the 
thickness of metal thin films, such as Au, and Ag, aluminum, and controlled permeability can be used. 
Moreover, in the conditions which carry out total reflection using a sufficiently thick metal membrane 
similarly, opening of various configurations, such as a slot, and a circle, a square, may be prepared in the 
reflector, and the mirror which controlled permeability may be used. In this case, it is better to make the 
pitch of a slot, and size of opening random, and to make arrangement of opening random, in order to 
avoid interference by light. Furthermore, the mirror which controlled permeability by the dielectric or 
semi-conductor multilayers may be used. 

[0097] It is better to have carried out the monitor of the semiconductor laser output, and to control the 
output, in order to form a more reliable optical transmission system although the surface-emitting type 
semiconductor laser whose oscillation wavelength used for the optical transmission system of this 
invention is 1.1 micrometers - 1.7 micrometers has small fluctuation of the optical output by temperature 
compared with the conventional edge surface-emitting type semiconductor laser and it is the laser which 
there is little aging and was stabilized very much. Conventionally, at edge surface-emitting type 
semiconductor laser, although controlling a semiconductor laser output by carrying out the monitor of 
this light is known since a laser beam is emitted also from a back cleavage plane, in the system using 
surface-emitting type semiconductor laser like this example, a laser output is only from one field of 
semiconductor laser, and arrangement of a monitor photo detector like before cannot be taken. 
Moreover, in the surface-emitting type semiconductor laser whose oscillation wavelength used for the 
system of this invention is 1.1 micrometers - 1.7 micrometers, a luminous-radiation angle is very as 
small as about 10 degrees, and although optical coupling can be carried out by making semiconductor 
laser approach an optical fiber and optical waveguide, without using a coupling lens, the photo detector 
for monitors cannot be inserted. By using the above mirrors, without enlarging the optical path length 
between semiconductor laser, an optical fiber, or optical waveguide, the monitor of the optical output of 
semiconductor laser is carried out, and the optical output of semiconductor laser can be controlled by 
this invention. Moreover, since the optical axis of a semiconductor laser side, an optical fiber, or optical 
waveguide becomes parallel since the optical axis is bent using the mirror, and semiconductor laser and 
an optical fiber, or optical waveguide can be fixed in parallel to a modular field, there is also an 
advantage which is easy to fix and can be fixed firmly. Moreover, although it becomes large as a module 
of an optical transmission system, a coupling lens may be used before and after a mirror to the optical 
axis of semiconductor laser. 

[0098] In addition, by this invention, although not illustrated as mentioned above, although two or more 
laser components and the optical waveguide (this example optical fiber) corresponding to this are used, 
one common mirror (common mirror perpendicularly extended to the space of drawing 5 ) can be used 
for the mirror as a branching means. Miniaturization of the unit which consists of such the 
semiconductor laser elements, the light-receiving elements for monitors, and a branching means of light 
by this, and low cost-ization are realizable. 

[0099] The block diagram which controls the output of semiconductor laser using the laser beam which 
branched in this way to drawing 6 is shown. Semiconductor laser drives, a part of laser beam emitted 
from there branches by the mirror, and it is led to the photo detector for monitors by the drive circuit 
where the data and the clock as an electrical signal were inputted. It is detected as optical reinforcement 
here, and it is controlled by the laser output-control section so that the output becomes fixed. BAIPORA 
may be used, although it is desirable to use CMOS in respect of a low power as for the semiconductor 
laser by which a drive circuit is used for the system of this invention since an oscillation electrical 
potential difference is a low threshold. Moreover, since the wavelength region of this invention is 1.1- 
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1.7 micrometers, the photodiode of an InGaAs ingredient can be used for the photo detector for 
monitors. Since fluctuation of the laser beam by aging or the temperature change is a loose change in 
time, the photodiode of high sensitivity is sufficient as a speed of response in it being low. 
[0100] It returns to drawing 5 again and an example is explained. The laser array component which put 
in order four long- wavelength-region surface-emitting type semiconductor laser shown in drawing 2 , 
the drive circuit which is not illustrated, and the laser output-control section were mounted on the 
mounting substrate of thermally conductive good Si. In addition, four semiconductor laser components 
are what formed the array pitch as 200 micrometers on the chip of one sheet, and the L3-micrometer 
thing was used for oscillation wavelength. Subsequently, thermal conductivity is good and forms the 
mirror as a branching means using transparent Si to the light which is 1.3 micrometers. Used Si is a 
single crystal Si and has determined the logging side over the crystallographic axis of a wafer in 
consideration of the mirror side finally formed of anisotropic etching. In addition, etchant used KOH. 
Thus, optical waveguide was formed, after forming the mirror side of 45 degrees in the mounting 
substrate and the monolithic and vapor-depositing Au to an inclined plane. Au thickness was changed 
and the permeability of a laser beam with a wavelength of 1.3 micrometers was controlled. After optical 
waveguide formed the clad, it used polymethylmethacrylate (PMMA) for the core, performed 
patterning, and formed the cladding layer in the upper layer. Size of a core was set to 50x50 
micrometers. This waveguide carries out optical coupling to the optical fiber which is not illustrated 
after module formation, and is making long-distance communication system. As optical waveguide, 
inorganic film, such as polymer waveguides, such as polyimide, an epoxy resin and polyurethane, and 
polyethylene, and silicon oxide, can also be used besides PMMA. Moreover, the formation approach 
also combines spreading and patterning of a spin coat, a DIP coat, etc., or what is depended on resin 
mold metallurgy mold processing is used. The optical axis of semiconductor laser and the optical axis of 
optical waveguide were made in agreement, each mounting substrate was fixed, and the field incoming 
radiational type photodiode which is a photo detector was fixed in accordance with the optical axis 
which branched to the mounting substrate with which the mirror side is formed. Here, the photodiode 
which prepared the buffer layer upwards on the InP substrate, and has an InGaAs layer as a light 
absorption layer was used. The output of a photo detector was electrically connected to the laser output- 
control section by bonding, and the output of semiconductor laser was controlled. 
[0101] The examination result at the time of changing external temperature into below is shown. This 
result is a thing in 20 degrees C. Although it changed 10 degrees C at a time and being investigated to 0 
degree C - 70 degrees C in fact, since the result was almost the same as the case of 20 degrees C, only 
this data is shown here. 
[0102] 
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O real use. Thus, when transmission is smaller than 1%, it acts as the monitor of the light of 10- 
microwatt level to communicative mW level, but since the range of fluctuation is smaller than it, 
sufficient light to detect and control fluctuation of a laser output is not led to a photo detector side, but 
fluctuation is looked at by the output of semiconductor laser. On the other hand, in the field in which 
permeability exceeds 50%, the energy expenditure of the side which controls the output of 
semiconductor laser became what has the large and bad effectiveness as a system compared with the 
signal transmission. In addition, when using it as an actual system, 30% or less 2% or more has desirable 
permeability on a system design. Therefore, since it was not based on an external temperature change 
but a laser output was controlled by the compact module to stability by making it such a configuration, 
the reliable optical transmission system has been built. Moreover, it turned out that it is practical to 
make light transmittance of the mirror which branches the optical output from the semiconductor laser in 
that case 50% or less 1% or more. 

[0104] Here, although the number of semiconductor devices was made into four pieces, a required 
number may be used suitably by the data transmitted [ pieces / 8, / 12, 16, etc. ] at least one piece. 
Moreover, although optical coupling was carried out to optical waveguide, the multimode fiber is 
suitable for the field which an optical fiber may be used, the single mode fiber is suitable for 
transmitting mass information at a long range, and the plastic optical fiber (POF) is suitable for making 
it low cost for a short distance, and was able to balance both, and it can be used suitably. 
[0105] Next, the example which formed the electrode and mirror of a photo detector in one is shown in 
drawing 7 as another example of this invention. It mounted with the drive circuit and the laser output- 
control section which are not illustrating the long-wavelength-region surface-emitting type 
semiconductor laser component shown in drawing 1 on Si substrate. In addition, the 1 .2-micrometer 
thing was used for oscillation wavelength. On the other hand, a ** mirror is formed [ whether it is p 
mold electrode and the reflective mirror of the photodetection side, and ] using the photodiode using the 
GaAsP ingredient as a photo detector for monitors like an example 1. Au film with a thickness of 300nm 
which 1 .2-micrometer light does not penetrate was vapor-deposited, opening of the shape of a random 
circle of the diameter of 0.7-5 micrometer was formed, and the permeability of a mirror was made into 
5%. To the laser component, it fixed at the include angle of 45 degrees, this output was electrically 
connected to the laser output-control section, and the laser output of a semiconductor laser output was 
controlled. On the other hand, the optical axis of the laser beam through this mirror and the optical axis 
of the multimode fiber of the core diameter of 50 micrometers and 125 micrometers of diameters of a 
clad were made in agreement, it connected optically, and the optical transmission system was built. 
Since a module with them can be formed and a laser output can be controlled by making it such a 
configuration to stability, a reliable optical transmission system can be built. [ there are few components 
mark and compact ] 

[0106] here - the electrode of the photo detector for monitors, and Miller — although previously formed 
in one, it forms in the front face of the photo detector for monitors, there is only a function as a mirror, 
and it is not necessary to serve as the component of the photo detector for monitors like an electrode 
[0107] Next, the example which formed Miller in the optical waveguide end face is shown in drawing 8 
as another example of this invention. It mounted with the drive circuit and the laser output-control 
section which are not illustrating the long-wavelength-region surface-emitting type semiconductor laser 
array component shown in drawing 2 on Si substrate. In addition, a laser element number is four pieces 
and the 1 .3-micrometer thing was used for 200 micrometers and oscillation wavelength by the pitch. 
Optical waveguide was formed on the substrate like the example 1 . After optical waveguide formed the 
clad, it used fluorination polyimide for the core, performed patterning, and formed the cladding layer in 
the upper layer. Size of a core was set to 50x50 micrometers. This waveguide carries out optical 
coupling to the optical fiber which is not illustrated after module formation, and is making long-distance 
communication system. As optical waveguide, inorganic film, such as polymer waveguides, such as 
PMMA, an epoxy resin and polyurethane, and polyethylene, and silicon oxide, can also be used besides 
polyimide. Moreover, the formation approach also combines spreading and patterning of a spin coat, a 
DIP coat, etc., or what is depended on resin mold metallurgy mold processing is used. The end face was 
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processed into 45 degrees for this waveguide using the diamond blade, Au was vapor-deposited to the 
end face, and the permeability as Miller was made into 3%. The optical axis was made in agreement, 
such optical waveguide and semiconductor laser were combined optically, the photo detector for 
monitors was fixed on the optical axis which branched by Miller, the output was electrically connected 
to the laser output-control section, and the optical transmission system which can control a laser output 
was built. Since a module with them can be formed and a laser output can be controlled by making it 
such a configuration to stability, a reliable optical transmission system can be built. [ there are few 
components mark and compact ] 
[0108] 

[Effect of the Invention] The laser oscillation wavelength it is expected that fiber optics communication, 
such as a trunk system of a computer network and long-distance high capacity communication, is sets in 
the field of 1.1 -micrometer band - 1.7-micrometer band. (Effectiveness corresponding to claim 1) 
Although the communication system using the surface-emitting type semiconductor laser and it which 
can make operating voltage, an oscillation threshold current, etc. low, and can perform the oscillation 
stabilized by generation of heat of a laser component few did not exist By devising a semi-conductor 
distribution Bragg reflection mirror like this invention, operating voltage, an oscillation threshold 
current, etc. could be made low, and the oscillation stabilized by generation of heat of a laser component 
few was completed, and the practical optical transmission system has been realized by low cost. 
[0109] Furthermore, by carrying out the monitor of the optical output from semiconductor laser, and 
controlling fluctuation of the optical output by aging or the temperature change, the optical output was 
stabilized and the reliable optical transmission system has been realized. 

[01 10] The laser oscillation wavelength it is expected that fiber optics communication, such as a trunk 
system of a computer network and long-distance high capacity communication, is sets in the field of 1.1- 
micrometer band - 1.7-micrometer band. (Effectiveness corresponding to claim 2) Although it was 
stabilized and the communication system using the long-wavelength-region side luminescence 
semiconductor laser and it which can be used did not exist The oscillation stabilized by considering as 
the surface-emitting type semiconductor laser component chip which comes to prepare a nonluminescent 
recombination prevention layer like this invention was attained, and the practical optical transmission 
system which made this the luminescence light source has been realized. 

[0111] Furthermore, by carrying out the monitor of the optical output from semiconductor laser, and 
controlling fluctuation of the optical output by aging or the temperature change, the optical output was 
stabilized and the reliable optical transmission system has been realized. 

[0112] (Effectiveness corresponding to claim 3) In such an optical transmission system, the optical 
transmission system with high effectiveness was realizable, branching sufficient light to control a 
semiconductor laser optical output to the photo detector for monitors by making light transmittance of 
Miller who branches the optical output from semiconductor laser 50% or less 1% or more. 
[0113] (Effectiveness corresponding to claim 4) In such an optical transmission system, components 
mark have realized few compact optical transmission systems by forming Miller who branches the 
optical output from semiconductor laser in the mounting substrate which fixes an optical fiber or optical 
waveguide, and a monolithic. 

[01 14] (Effectiveness corresponding to claim 5) In such an optical transmission system, since it 
considered as the structure where the branching means was able to be established in common, there were 
few components mark, and they did not need to perform branching means each laser component or 
optical waveguide, and one by one, reduction of assembly cost could be aimed at, and the compact low 
cost optical transmission system has been realized. 

[01 15] (Effectiveness corresponding to claim 6) In such an optical transmission system, or it used as a 
part of photo detector Miller who branches the optical output from semiconductor laser, components 
mark have realized few compact optical transmission systems by forming in the front face. 
[0116] (Effectiveness corresponding to claim 7) In such an optical transmission system, by forming in 
an optical fiber or an optical waveguide end face Miller who branches the optical output from 
semiconductor laser, the optical path length was small and components mark have realized few compact 
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optical transmission systems. 
[Translation done.] 
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[0 0 10] 

20 3tii« ^x-Mcn-rskw-efcij, trof i©i«) 

vmttyfteiM&tMk vxmm-t-z ~ tic 

[0 0 11] *fcJ82©B»H:, 

— 1 . 1 w m~ 1 . 1 ix mOS$*IM 
JteiMMfru— fm^y^^%%mt LTfiJfflU -ft 

S ^- t (Cfo^o 

[0012] Jtcssroittii, r.©J; 5*ftaf9^ 
^IrKitSwt+^/i^SrMtoo, 26*©*^* 
[0 0 13] ^fc^4<7)i6<]i4 N r.©±5*3tiifS*>^ 

•so ii(c$>5 0 

[0014] S ibicig 5 ©siftte, r©±5^tt#ia: 

[0 0 15] */c^6©gW(4, ^©i5**iiffi'>^ 

[0016] ^b\cm7<Dsmit, r©±5ft*a«-> 
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[0 0 17] 

^^tz.u~^%t%m^\^x^%^m^h it© 

if % =. * -f 5 S3t^T- 1 tf ft iiffi r A \z is 
v^-C. BWEU'-1f*'y7 p ttl8***#l. lym~l. 

a. In, N, As^f>*51> tL<liGa v In, 
A s i <o ft&JI t U w-if*Sr»5fc»lcMIESttS 

3ft«r*i-« Bii**!!*** ^- IP*-* ^ y/tfeot, 

Jl»lffj{£${t; L A»3fefcft«T#tC i o TRW-*-* 
WWH-Jv y ?m.fti®LT-$>Z> bbh\', flufEJSSr^S/h 
©ttftlliA 1 X G a ]- x A s (0<xgl) b U AtlfE 
J3i^^*:©$lS|-Jl{iA 1 y G a i_ y A s (0Sy<xS 

i) t LtzKttm.x*&<9. frommmffim&'btKott 

zGai- z As (0gy<z<xll) trfSttTftSffiSS 
xrAt^t^ fltjfB^=*ffl§3yg*©ffi7l£ 1 b*>^ 
[0 0 1 8] £fc^2(C, u-if^-y^tttw— «f^y 

T, itufE f^5'7 p tt«S«[fi^l. 1 wm~l. 7 

a. In, N, AsA^/iSl, H<ttGa, In, 
A s J; 9 te&Mb U u— tF?££#5fc*fc:ttSEJStf=B 

(KriERl*«lr4*nsr«*i-«*m©«J»f**/h/'* t « 

vifRmm.X'h^>b b fcfc, fltrfEHSf^^/hro 
fflttAljGaHAs (0<xSl) t L, flilfSffiSf 
W*©f.ffl-I3:A 1 y G a i- y A s ( 0 ^ y < x S 1 ) t 
tfcSW^T'fc 5 , flutaSttS £ flufBS*r^©Pfl(-G a 
InPtKliGa I nPAs £ t) &-5#3S3te«*S"&B& 

fcfcfcv^c, JMIftv— f©*tMj*1H#Pl- 
5 J: 5 Lfc„ 

[0 0 19] Sfetl3t, ±E*1, *2<0*iiflr->' 
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[0020] *fc»4fcs ±ieisi, *2©*a«v^ 
[0021] se>fc*5K, ±aEjBi~*4©3taflrs/ 

m]tm*£<0te<9. ^McMfol-X, *7r-f^t>b< 

«5STS>5»«[#a-C*>5 J: 5 (- Lfc 0 
[0 0 2 2] £fcf&6{c, ±B*1, *2, *3©tt» 

& 5 * fc f**ffi £ hr v > -5 i 5 fc Lfc 

[0023] sesame, ±ia^i, ^2, f3©* 

ii« WfA fcfcv , fltjfE#ii£#IS:te?fc 7 r 4 ■><-£ ft 
tt»»IS©*ffite}gril$ttTV^5 J: 5 t7t„ 
[0 0 2 4] 

ifcftflSl. 1 /xm~l. 7 /* mCOSfeft^B^^^ft: 

[0 0 2 5] fltra©i5t-, 5 
t LTV^W- 1. lym~l. 7)im© 

jf^fcs©*--?, *m©fe»©«"^ ftferrfci-oa 

t LTGalnNAs^cDWilSl-^fflU, $ 
io [0 0 2 6] I*f (100) (Dn-Ga 

a s a&K±fc, *n^n©«ntrtfc*»ts*iBa![ft a. © 

1/4^©*$ (A./4C0®$) T*n —A 1 X G a i- x A 
s (x= 1. 0) «£H#f^Jf~J3#f$S'h©Jf) in- 
Al y Gai-yAs (y = 0) (i!5aSf*S~a*f^© 

S*f^ (AlAs/GaAsT»iMK*:»*^9y^R*Mt> 
^L, tW±CX/4©I$©n-Ga x I ni- x P y 
Asi-y (x = 0. 5, y = 1) ^SraJfbfc ~<nm 
T?ttn-Ga x I ni- x P y Asi- y (x=0. 5, y = 
io i) StTSPSlt^©— gBt?fc»?eJSI>f^S (JB*f*'h 
(DM) t*oTV>So 
[0 0 2 7] LT-t©±kT V K— T'TbBG a A s X 
f-Jgt, 3jf©G a x I n!- x A s i^FJft?*)?) 
ffittS (S^F#FffittS) iGaAs^JTl (2 On 
m) a>kfcS#»i:^#F«tt)f T^K-^±»G 
a As^^-f-gt^g^ttT, ^«rt{i*3(tS^S 
jgS^©lJSfi^©ff$ (1©*S) ©*«»Sr»J«U 
■CV5. 

[0 0 2 8] ^5>{C^(D±(C, C K-7°©p- 
50 G a x I n i- x P y A s i-y (x = 0. 5, y = l) MbZ 
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n K-7°p -A 1 X G a !- x A s (x = 0) fc^ft-t'tlcO 

mLtz^mmm a mm) £«su *<n±.icc\?-7 

<D p — A 1 X G a i- x A s (x = 0. 9) tZnK^p 
-Al x Gai- x As (x = 0) ZZtlZtlOm^lH 

rt z>%m&.& i©i/4 mnmz x&mcmm Ltzmm 
mm {2 5 mm) ta^&s^*^*?*? v?&tem 

(Al 0 . gGa 0 . iAs/GaAs±g|5^ft:^y y y ?&%&) 
Sr^UTV>5>„ r^MT-Up -G a x I ni- x P y A s 
1-y (x = 0. 5, y=l) Jf t> ±gPS*t^^-g|5t?fe 

[0 0 2 9] ^*3^r-C, i^P/TgPRW^t'b^^ 
txteSUr^Jf (ffl*f*/h©«) /i«ffl*r*Ji (ffi#r** 

Coptic, mffimtf'btxnmnwztzwnmA 1 z g 

ai - z As (0Sy<z<xSl) SrRfl-O^S. HI2 
»4, <SeW*Jl (JB*f*'h©Ji) fcWJB*f*» (JH*f* 

Al z Ga H As (0Sy<z<xgl) SrKftfc^ 
ff»*^9s'^S*t«lro-«Sr*bfct©-C?J>6 (HI 

t? HH^mt^ * 3 © xm^-r £ r. t u-o > 

[0 0 3 0]'«U-fiftj)S 0 . 8 5^miO» 

*f ilro i 5 4 i^-f MifiSa 5 1 . 1 d m~ 1 . 7 tf 

1 . 1 y m~ 1 . 7 m mC0ftjfcK«ffi$8ftiNfft: U— 

[0 0 3 1] *«W#»V^*>^< rcO#i? (l"-1f«JS 
1 . 1 M m~ 1 . 7 At mCOft«gfifE3§3te¥-3!t# 

f—vtsxvztizm^ftftmm) nmmmctm** 

[0 0 3 2] r©J:5fc^Jitt»Jfc*fc#*ifc**=* 

[0 0 3 3] «t fJ*^6<Jt-l*, Al z Gai- z As (Og 
y<z<x^l) |Oz©M0i>bl. O^r^^S 
<t 5 o£ OGaAs ~A 1 G a A s ~A lAsiV^ 

o M,£tcA liGa lzmt>Z ZolzLXM 

hn-/i^-srtU:J:oTffj«S*t5. Al iG 

a cott^WJBcoj: 5 J: 5 t LXMtfi 

[0 0 3 4] r«)J:5ft*mJiSrKtt5a*tt, 
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[0035] ^fcrcoi^^JfflJf^/hi^oraroffiSr 

io tSWfSfJlA 1 z Ga i_ z As (0gy<z<x^l) IJ 
*ISKcoj:5*^— If^SjSSdU . lAtm~l. 7 y 
mrofiSfiSBf^^ifl: W-1P©»&, 5 n m~ 5 0 

t^o o STtff^iffiStas 

fc 5 ^* ttK*t*# t ft* V > t V * 5 & t» > 

BtT^cOj; 5(-SJS<0®ffl (5nm~5 0nm©fJ) £ 

20 [0 0 3 6] &*5, tfj3zEC0 J; 9 fc&jfetf) If JS«*S 
0. 8 5 Atm^tO^frW-- JffcBBbTiWj; 5 

-D-'^fiStS^S 1 . 1 ai m~ 1 . 7 m mOft^ftWS^ 

■5fc»{'{4, 0. 8 5 Atm^FJ; ►> t 1 . 1 At mffi:~ 1 . 
r t ;6St?# SOI?, jy ^R*«©«St« 

[0 0 3 7] ott)^«:M^7^^SMi:rroi 
5 mi 3 n fc tt> co J; 5* u-lf »« 

i . 1 „m~l. 7 At mrofijftfitfffiaS*^** 

u-1f ©»&fc1*K:»*W<cx*i v^6. 
[0 0 3 8] **ja*W*S*t*Sr»5fcft<OJ:9I¥i(B 

JtS U-lf A 1 X G a !- x A s ( x = 1 . 0 ) 

(ffiB#f5PB~J3#f*/h<OS) iAl y Ga i- y A s ( y 

40 =0 (ssjB*f**~jffl9r**<DJB) *2ommmmL 

^9 9. 7%«7i45Al z Gai- z As (0Sy<z 
<xSl) g<OJ?^(4 3 0 nmt'fcS, SW*^ 
99. 5%£t±i:*Sjftfi#*»4 5 3 nmT'fot), S*t 
$5r99. 5%«±iKW-bfc»^-, ±2%co)^j»$iJW 

V^ > lOnm, 2 0nm, 3 0 nm<Ot.<OSr^;f^Lfci: 
so fc*-C#fcl. 3Axm«BIS3tMW— If^SrH^ v 
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[0 0 3 9] j5c*J#SBtR»«lfc*sv^-CH:HjH-tt* (01 

«*s*>5. (sw>W3iv©fc6u:#L 
r&»KJK±T?*>$««&^tri iff*. iSf+?Sftcos 

»m©*fr, «ff#J#!0Jl%-fixfci:#, fttSW^cD 
iS^jfcSlil 3 nmfntUS5. J;ot:©B5*ff 

©*¥* ( - - x-i-iKMrn^m^mn^M Lx&mm& 

[0 0 4 0] nwj:5fc**W©J:5*^-if38JR«E* 
1 ii m~ 1 . 7ym(0*j6ft«E5l3t^«£V"- 

[00 4 1] WtJm 1 f'JH *3 , ft±gRcD, p-Al X G 

ai_ x As ( x = o) mtt. mmt^yf? yzmztz 

[00 4 2] £^-#Fi£ttS© I n x (i 3 

9% (Ga0.61InO.39As) i hit. *fcS : f#FfiH4B© 
IJli7'nmiLt„ &*5fi-?#FffittJf G a A s 

mmcttL.xm2. 8%<Di£mm^Lx^ic 0 

[00 4 3] Sfci Offi«3tffl**ftU— !f£#0>ri« 

ii, TMA (M)^f;l/7;V$ = !>A) , TMG ( MJ 
^/Utfy ?A) , TMI (Ml^f^y^) , 
AsH 3 (T^v^>-) , PH 3 (7t^7-fy) SrfflV^ 

fcif©ftttl (*^-#F?§ttJI) ©J;?^***:*^ 

G a I n A s| (*-f-#Fffitt«) {4 5 5 CCT^U 

tti^„ r r-e^LfcMOCVDtei±ii&fqft^fl5 

[0 0 4 4] *fcr©«T?l±, ««Bgl&#0>tt#«r^n 
(H + ) HMt(=J:oTtttMi &fEo 



[0 0 4 5] ±SBKttti£©*iigl5© 
[0 0 4 6] r©#J-efi, ±TSWMi-**tvfc, =*r^ 

yr^aA$ns^-T5«ttffi« (*n«6««i-c?{4±a 

(IllSHc£»*«l#a*l%ElLh) 

8SrG a x I ni- x P y A s i- y (0 < x < 1 , 0<yS 
1) W*»3feW«^B6JhJii:UTV^5. *-^yTI4, fit 

(CM K=¥* y-7W) fCA 1 ZS/vtimmb htz<DX 
[0 04 7] *7t^©G a x I ni- x P y A s i- y (0 < x 

<i, 0<ygl) JlJ;<9ft5^7tR:^KitS(4, 
*©#mfc*#GaAs£*J:5t>/h£<, §l3fit>^£ 

[0 0 4 8] ^fc°**^/H&ST*f;tTiffi©1f$B&£lft 

[0 04 9] ±«4ctt*sSttJifcai-5 

b^ftff £ ©if &/&ftT-# ftV^ft if ©IHH^4 

^ftv>ftt\ m^mmiiteZo mm^h^t^n^o^ 

40 [0 0 5 0] r.©G a x I ni- x P y A s i- y (0<x< 
1, 0<y^l) JittiS1ft«l«t»LT»5flHtfla*fc 
*+yTSrBBCa«)5S»Jt>J*oTV^«^ Ga x In 
l-xP y A sl _ y (0<x<l, 0<y^l) Jif4*&^^ 

*5»*. WxftfGa x I ni- x P (y=l ©*§£•) ©# 

gtt, ESil^t?Eg (D = 1.351 + 0. 643 x +0.786 
x2, P^S^-CEg (X) =2.24+0.02x b&Z.tbtl 
so TV^So <toTS14ffi«i:G a x I ni - x P y A s !- y (0 
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<x<l, 0<y^l) fia<D^7-vWMlt±£ <*5© 

[0 0 5 1] $ f>(cr<75G a x I n i- x P y A s i- y (0 < 
x < 1 , 0<ySl) S J: "9 *5*»*Ste-&-§SihJi 
it, t©flf»GaAsSfiJ;n^< > EffiS 

I ni- x P y A sl - y (0<x< 1, 0<y^l) MX V 

[0052] £fcrcDGa x I ni- x P y A s i- y (0 < x 
<1, 0<ySl) gOT^(0^r6]^ffittJii:PD^f6]^ 

[00 5 3] «*ff 1.3m m?ff CDffiSgftM 
U— !f (JG a A s Iffi±tMt5ro«S»* L < , *S 

^J»S*5~8 MmT-5 0~8 OgO^frJl £fiH&g 
£\ ffip D p«<OGaAsS«SrfflV^Tt$t^*^J!Sia 

<£MT-#S «fc 5tcft3 0 

[0054] - m^mm^xuRkimtm 

[0 0 5 5] Bu3$cdJ:5^ Miiffitt«*i:©#ffi 
(CA 1 «r£*fci^*j*i:1-5, i-fc;bt>#»ftSfg-&B& 

5o */crro^jx*(i, ±TR*t*ti: y 

[0 0 5 6] *fcflJJfiO«T?fi, £Atftt&n#r*J|<Dft 
tffittSt-ifiV^tD^^Ga X I ni- x P y As i- y (0< 
x<l, 0<ySl) ro^ftWB-g-WJfcJifcLT^S 
ISfcJfCDG a x I ni- x P y A s i- y (0 < x< 1 , 0 

<ySi) ft*»*»»W5jhJIi:L-Ct>Jllv\ 
[0 0 5 7] $ t)icro^jT*(±, GaAsMiffiti 



22 

#&A 1 &-££/£V>G a x I n i- x P y A S1 - y (0 < x < 

l, o<y^i) mt Lfcfc'tt 

[0 0 5 8] £©J:5fcLTlM1sLfcffi«3te![iMlft^ 
— !fO*fi«*|4J|fi| 1 . 2pm^ofc, GaAsS« 
±©Ga InAsIt I nifi^<DJSJPt?gjg[S'ft:-f-5^ 

flS<©IRffi:#;ie>*l'0\fc r I EEE Phot 

onics. Technol. Lett. Vol. 9 
(1 9 9 7) pp. 1319-1321J #1) „ 
[0 0 5 9] ua»Lfc#fe^H*W#iiSi^UfcJ:3 
(c x 6 0 0 , C£ilT©iS«*ft'5c4r©*sp|ift©i«V^ft 
ScfcJ:0*5©Ga ltiAslf#PSttit**J:9 
ff< 3t-vy^ft5i £ a* "TUB 
i. 2 » mS-eiija-ctfco fcisrroftitts i 

[0 0 6 0] £l±<0®.W£.'9Whfrtj:£ 5fc I niMis 
*#^jaiB!B^tf>Ga I nAs SrSttSfc/BVS^irte 
<fc 9 > G a A s fflK±ii:«jS*#©ffi»*S! U— 

[0 0 6 1] teteffij&cDj:?^ roip^ciMSf 
*«:i>~ tf«, MOCVDfe-eM^rims 

^fcSttS»«JI«itt LT, 3«i^#F«i£ (TQ 
W) ©«SJ^^Lfca5, flfeW^Fftroa^^FSrfflV^fll 
m (SQW, MQW) fSrffiV>5*i:fcft5 0 
[0 0 6 2] 

i\ *fc#a«ft»a,©j?* t Lfcau/ 2 

LTG a A s SrfflV^WSr^Lfca^ I n 
P ft if ©«!<Oi£»#£«£fflV>fci&-a-T? fc±IE©#x.* 

[0 0 6 3] *fcrcD^J-C(±ffitt^i LT, ±fc55c* 
a^Ga, In, AsiOiSl, tiHGa x In H 
As (Ga InAsSttl) »^!|§r^LfcaS, J;l9g)R 

a^Ga, I n, N, As«>5)451 (G a I nNAsffi 

[0 0 64] H^ICG a I n NA s »ttS<7>ia^?r^ X 
SiitCit), 1. 3^1, 1. 5 5 (i mffro^tlf 

ix^fc^r, u— ?%m*f!o r tasprtg-^fcofco m 
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[0 0 6 5] ffittl^GaAsSbSrffl^ttG 
aAsSfiltl. 3Mm«BriB«*U-f , **a^# 

14163161 Lfctm3W&4*ofc*, ffittSKiS^OG 
a I n A s s GalnNAs, GaAsSb 

ctpid^ofCo 10 

[0066] *Ki*«w©*aaflr^yAK:iiffl*tt 

[0 0 6 7] ro^tiaicD^tp^{cffi^{4 (1 
0 0) On-GaAsSfi^fflltl/^o Ztl^tKD 

K«rtte»»t«»**«^«)i/4fflf©j|:* (i/4o 

»S) trn-A 1 X G a !_ X A s (x = 0. 9) £n-A 
l x Ga H As (x-0) ^S(:35Witf:n 
y ^S*f^ (Al 0 . 9Gao. lAs/GaAsTSBS 

*f«S) Wl, ^(DAl^ X / A <DW-t$<On — G a x I 20 
ni-xPyA S1 - y (x = 0. 5, y = l) 15:8(11 

fc 0 r(O0*i|T*f4n - G a x I n i- x P y A s i- y (x = 0. 
5, y = 1) St>T«SS*t«S^-SS-e*>9fiJfflJf*«i 

[0 0 6 8] tLTt©±C, TyK-yTSGaAs 
^Jit, SM(OG a x I ni - x N y A s i- y *-?-#F 
It'feSffittl (*T-#FSttJi) tGaAs/<y7i 

(15nm) ^6«^Six5#«*^#FfSttJi 
«W3ltWP(TQW)) T>-K-^±gRGa 

[0 0 6 9] $ biC-troitC, p-^lMf^7y^ 

[0070] ±.nEL%m-±. ^.mismitm t45MA 

sJISr, G a InPiiAl GaAs|T«3 
4©JS£0>{£jffl#rgiJ§ (U4-15nm) © 

C K— — G a x I n i- x P y A s i_ y (x = 0. 5. y 
= 1 ) C K— 7*p - A 1 Z G a i_ z A s ( z = 1 ) tfc 
MSftl (ff$30nm) , S$)j5 (21/4-15 40 
nm) ©CK-^p-AljjGai-jAsl (x = 0. 
9) ) f^U/4©GaAs| ( 1 MM) t, C 
K— 7°<Dp -A 1 X G a !- x A s if (x = 0. 9) tp- 
Al x Gai- x As (x = 0) JlSrtn-P*tO«EKrtK:i3 
It 53g«fcS W 1 / 4 «<£>J? $ X'&K\cmn LfcJIW* 
ig (2 2«»|) t^b*^$nTV>5^^*7'7S' 
yixttm (AlQ.gGao. iAs/GaAs±$|5S#t^) T"fe5 0 
[0 0 7 1] *fcr^J(i*5V>Tfc, H3T?tt1MiK:fc 



/4 

(a»r*/h©H) tSJSW^S (JB»f**<©*) on 
fc, BSf**S/h4:*©|B]©tt*i:SW»«Al z Ga H 
As (0^y<z<xgl) &mtt1ti><D-V3bZ> 0 

[00 7 2] % Lt\ ft±8B<Z\ p - A 1 X G a i- x A s 

(x = o) Jffi, nfet^yft hZtiLZIttixD^-y? 

So 

[00 7 3] n r.T-*T-#FS14gW I njjaj&x (2 3 7 
%, N (£*) firiJttO. 5%iU. SfcS^tfFS 
ttI©ffSjJ7nmtLfc 0 

[0 0 7 4] *fcr©ffi»Jtffl¥**U-1f©*ft*jSfe 
«MOCVDjfeT:ffoito ¥*#U-1f<D#Ji*rflMW- 
Slfftli, TMA ( h y ^^T/P5=!?A) , TM 

g (hy^yi'tfy , tm i (hy^f;Kv^ 

■J'A) , AsH 3 (T/Wi^V) x ph 3 (y*xyj 
v?V) SrJBVfc. DMHy«<SJS.t?^i-5<D-C6 0 0 

K <Cfe*+!)7*^l:ilH2Sr«V*. 
[0 0 7 5] *fcrro^T*tt, Gain N A s JB 
#Fffit£Jf) f45 4 Ott-^SLfc. MOCVDffiftii 

fiClLT^So SfcMBEfeOJ; 5 
[0 0 7 6] $e>tcrro^jT-(i, B?£co;*:# -y-gR 

^Srp — G a x I ni_ x P y A s i_y ( x = 0 . 5, y = 
1) JK-ii-f 3£-C\ p-Al z Ga H As (z = l) 

Al z Gai- z As (z = l) ^Sr*l!55Ct?fflSE*>t>KYt: 
LTA 1 x O y m«ESfe$<®Sr^fiKbTV«o 

[0077] *«K#y^ 5 k (ifiiHK) -e^-y-^y^- 

«Sr»V^rp««**JEJj«U, Ga As££<Z>K9£n 

[0 0 7 8] r«5«K*SV^Ttt, &®tR&flSJ§£>T*|Sfc: 
±SBSI#^<©— S5i LTGa X I ni- x P y A s i-y (0< 
x<l, 0<y^l) @^#ALTV^5o Mz-t£9^-y 

tf, A 1 G a A s ^!^>FtLTG a I n PA s Stiiyf 
y/f?±I i LT1^5 I Ga x In 
1-xPyAsi-y (0<x<l, 0<ySl) mtfffiAZ 

[0 0 7 9] *fci©«OiS»*ffl**fl:u— f (* 
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[0 0 8 0] fcdsrwW-eWu s^yf-l/p* YyTm* 
t^5G a x I n i- x P y A s i- y (0<x<l, 0<y^ 

[0 0 8 1 J SfcZKDWC&^Tfc, ±T£*H*fc»* 
W^Wft'bSttetCja^aSrG a x I ni . x P y As !_ y 

(o<x<i, o< y ^i) <D#a>m m&tis±m t l 
mmmtcoRmz.^ a i &-g-*&vMSffijct l-c^so 

T\ y TttA^ft, A 1 iagHL.-C^fc£**tt!&S 
[0 0 8 2] teisB.!ttmkS&m%it<DftmcA 1 

£*:r<750ij-?fi, ±TSW^tt^» 
ftM^y y^Rmmt LtziK 

[0 0 8 3] £h\CZ.<DMX'h. Ga AsStStfgtSS 

[0 0 8 4]/^ r<Oi5<t**3tWte^S&JtJitt, 

&tt33§«j£A;i(Dl/4{g<Dff£ (i/4©fj) i 
[0 0 8 5] Sk±.<DWim£. 9 rroj;? 

fciStt«#lc*fciS^»#&A 1 SrgfSfc^G a x I n 
1-xPyAsi-y (0<x<l, 0<ygl) 

[0 0 8 6] Jtroi54ifiKtLTt), #!M 5 K 

fgcfififtl. 3 n mT-fcofc, 
[0 0 8 7] rcDtfiJ-C-li, =Efc55c*!iSGa» In, 
N, AsA^^SilrffittitlV^c (Ga InNAs 



(9) 

[0 0 8 8] KHRtt^JI«r«RMft LfcA 1 RftRft* 

p> ft znmw &<m*m ^tzm,mw z < desk. <t a t , 

[0 0 8 9] £t±©»W*»?>Wfe*»*i5KBI3©J:5 
^AlfiS^fcV^-CtEllW^t^tc, 1. 3ium«cD 

[0090] m3<Dffi%%,m*mfri'- j Fhmi 

20 MBEife«©te©jfift#ifefcja^3ri:t>-e*3. 

[0091] ztbiag&mvfemmmkLxsmttx 

F*i£ (TQW) ©HSr^Lfc**, »0>#F*©*^# 
F&ffiWclfig (SQW, DQW, MQW) 

[0 0 9 2] SfcH3<BB*ftffli|£*«:u-iH;:*j^ 
T, GaInNAsffijtlO«^5:iT', 1. 
so 5 5 Mm?f5\ lEi'fit o iggigcD 1. 7Atmffi=roffi^ 
f t^HBift*. Ga I nNAsSttl 
KlTK Sb, P*ifte<OIII-Vl^7C^-&*ixTV'> 
Tt>A>St)/«CV\ *fcfiH4S(CGa As SbSrfflVT 
t, GaAsSSilCl. 3Mm«Offi^3tS^^W 
— If €r3imt?t 5 0 
[0 0 9 3] ftiBiSttJiJCG a I n A s Srffl^fc*-^, 

AS, 6 0 O'CWTWffiifiJ&ftKlJ; OiSlOG a I n A s 

ill. l W m~l. 7^mOf|«:i'-fttML 
fc*m#**»ofci6S % gftillillOGa I nAs, G 
alnNAs, GaAsSb SrffiV\ *>0^|g)tSig-& 

[0 0 9 4] H4ttr<0±5fcft8**ffi»3t i l fc W#i' 
— Ifsg^f-Sr, ffi^-fi (10 0) ©n-GaAs!>x/N|; 
so ^aofy/tLTMLm /ibtrmi'- fSR^^ 
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[0 0 9 5] ftttft*ffi*#iN»#U-1f*ffl^fc3te» 

ytmmm t*~?mt im<D^*/v^-itmz&z.xft 

ifi©EI7 x 08 hm&X'hZ>&* KBffiizttLXmmJjfa 

Sffcu- -!fi-t©KiblHlKS:^ri-53ta6f§«, ffiMgft 
^t^ro^KilllKSrfi-rs^JfeSf, *iJ:lH:*te>©. 

[00 9 6] 15 (c^-TJ; 5 f-ft$tft« ffi3S}£ w-if T 

m&Kmw&t) *m ^x^mw- u-foai* 

*^CfflV^l. 1~1. 7 /z m©2£:il©jl[£Iimi3o V> 

jgiI^£f&JHPL-;fc5 7-*fflV^t)fil>, w©*§£\ 3t 
{£ J; 5 ^ $ it 5 8*© e° y P^SCOIM 

[0097] '&m<DMmmytM*mfti'— rictt^ * 

»9!0>3teiHt MO&m Stv5^«&g*s 1 . Id 
m~l. 7 Mm©jS*3ta*il!tfl:u-1ftt, ««KJ:S 



(10) 

*r*J»Lfc#i&sj:v\, «*, JSE**®****!'— 9* T* 
(4, **§SBB*»fet iPjtiSttWSttafcft, r© 

Zzttftotbtix^ZtK #Hlfc0iJ©<fc 5 4a5«3ftffl* 

Cffiffi$tb5l8SS[fi^l. ljum~l. 7 tf m©ffi3S 

±IS©J; 5fc5 9-£,Rfv>5;i t 
-e, ^fr^-iJ i t7t7T^^sfctt^&ssp^©3fes§ 

ft: u— tf*3 r -f ^4 fctt******* ^ » 

[0 0 9 8] fcfcW&roiSfcia^Lfcv^ *&Wx- 
LT©5 9— it, *ii©lo©5 9- (IH5©iffiffiie:>Pt 

[00 9 9] !6lc:©J:5lcMLfcu— (fTtSrfflv^ 
# t LT©7- frAt) S iXfcHE 
40 W^tx-fcu— tf7t©-ffi(45 9--e^®^ix, ^e=^ffl 

^)$ix5. ^»IM]?S{4, *«^©v/7,rAi:ffiffl$n5 
»«^©^(T-CM0S?rffl V>5 r i ^Sf^ LV^s, jK- 
©&ft^/0S 1 . 1 ~ 1 . 7 /z mffe -5 fc InGaAs#J|S)- 
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u— 9 t tHAffifPAtrinfit»tt«>Av>Si0!)ltMK±K:|l 

±i£ J t<V$imt? >y?-& 2 0 0 tfmiLti^Lfc!>0 
T% ISM&ftte, 1. 3^nfflt©5rffiiLf: 0 oV> 
fie»tt*S«t<, 1. 3 jum<03tt*rLT8^ftSi 

fcS i ttlUiS i T*fof9, ft»ftM*ltiyfy^ 

«!^*H-S«t3mLB«r*JEUTV^5. ft*** 

Lfc. Au«t»S:*»*.T, Ml. 

5yKSr^j«Lfc«, =>TfC/Ky y ^vi^ ? ? y u— h 
(PMMA)£fflV\ /<^-=^^«rtfV\ ±lt?5yKI 
Sr^L-fc 0 nTCDlM X|i 50X50 M mir Ltz a i<©^ 

y ?i^^#y^uv&^w#y ^— ^SE&^y 
^^-=^^4rii*^-tj*fc 9 , mm*-* h'-^&mM 

fobtTS**ff$)5IAItl7t Y# ■<{•*- KSrB 
^Lfc„ rrT*(4 x InPS«±fc^y7T«*rKftfc± 
MftKHX^i UTInGaAsMSrfco7* h^t-KS:ffl 

Lfz, 

[0101] «Tfc*«©iMte«*fc#£©l*W»* 

2 0 t C»^i:{ItA/i'I^CTfoofcO-C, r^-Cftr 

[0 10 2] 
[*1] 



(11) 
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[0103] ?.<Dmtz.s mmm^i %<t 9&£^m&\z 

$ 7-©ft3gi!^& l%JKl±50%«T(i-r2> £ 

[0 10 4] 4 «£Lfci8S, 

lfi-efc, 8, 12, i6fiftirafffi-t-5v*-*t;:J;-3 

* <£>tit$8 SrteaH- 5 1 > y ffr* -K7r-f/^lL 
40 r^v< (pof) a^i/riso, ^fc^o^^v^wst 

[0 10 5] jjclc, **W<z>BJ©||16«i: L"C, g#* 

uzmm^fto mmi&Mri, 1. 2^m<Dto«r 

GaAsPW?rfflv>fc7^ Yfr^Hr— K*rfflV\ *©36* 
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1. 2 Aim©ft;6SSi§L&^Jf £300nm©Au^£3&iU 
0. 7~5 fzm^(D7 V^A^R«(DMP5r^L, 5 
5-W@MS£5%i LfCo I'-fffCtLT, 4 5 
£©#ffiT*IS£U rrotu^^w— tftH^MP^tm^ 

fc 0 :®^7- Sr^-LfcV'— «F?fc©3fetti =71 

5 0 win, ^ 7 y 1 2 5 M nfflTyl/f?- K77^^ 

W73 Sr^^(d©J»T' # 5 fc ft , if ittoS V ^3tiifS 

[0106] *=*fflgft*^©it«j:5? 

[0 10 7] fcfc, **K©)SiJ<©|llSCTt LT, ftaiffiE 
ftttfiWFBDiBJtl!^** u— »h*T W *^-Sr Si3S*±K: 

f-fi, 200 m, fSSlij:, i. 3M«i©troS:(tlL 

WSEISli, ^?yK*»*lfc«, 37l:7-7*W!J 
K£fflv\ =^fcfrV\ 111^7 5-KI 

?:Mtfc, =<T©1MXii50X50/zmt Lfc,, :©l 

i U gSESIiilf^^xA^^bTV^o 7fc^£& 

[0 10 8] 



(12) 
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aft r- a *SH^T? # fc„ 

[0 10 9] Sfefc, !f*»&03ta3*S:*= 
[0 110] (»#*2fcl*tJSLfc3b*) a^tTa-^ 

W^KifcJl frtt »t T 4 5 Bf§ftM¥»<*: 
20 *%.%ytMk LfcHfflW^3taffiv'^xA^IIS,-e# 
[0 111] £<bt~, ^^-^/^©ftmTJSr^e- 

[0112] 3 fc#£Lfc$Mt) 

30 -t5<DK+#fc3te£#ii&Loo, ss^roiSv^aft^^ 

[0 113] (111**4 Kit* LfcSft*) 
aft •^7 i i>,K*^^^T, ^f$u-if^?5©3tttl*^ 

[0 114] (J»**5fc*r«LfcSft*) ^©±5** 
aft ^rACiJ^T, »(S*fk*r*attJ!:K»t6iifc 
«ittbfc©-e, gi5p R R ^^S'>^<, •£tzW$^@c%m 
40 *©u— iftH^&Svtt^StKt-o-ofr^i^St 

[0115] (»**6K*tJSLfc3a*) r©J:5*3fe 

[0 116] (il*)57l:^LfcM) Z\(DZ.bt£% 
Mm >X 7- J* (CfcV >T , *^f* l^-f jS» ©3fc ttiTD 
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[Hi] *»W©-**jg«Hi«5ft«*1lfBi*3t^J» 
[02] *^BJ©-*J£^ffi^SfiRftSffil§*^ 

[B3] *«9!05-**JBffifc«5*tt*#ffi»**|y* 
[14] *l8Wro-*ltog»KH«5S«ft#ffi*3t*W 

[15] #*W<&-£««!»fc«Sfttt*fcffi»3le¥* 

[mi] 
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So 

[0 6] *H0^<D-^ffi»fi8(c«5gSfi»ffilg3t^ 
[0 7] *!§W(7)-^^ffi('#2,SjgS^ffi|g*^ 

[0 8] *«n«>-n%«fiii^ss8E«#isii%^« 

5o 



[02] 
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(14) 



[125] 



[16) 




E 



r 



] 



I*j rnrnm UJ |_^| S5- I 

9 u v9 *J]~ "l 1 1 1 



17] 



112)8] 





*USC8fc*:ffllZ , PJ5&lTB3#6-S- «ca 

(72)»W# -til 

*3K**HK«M»&1TB3#6* «c* 

<72)*W# ft 

JlCK**HKt««aiTlS#6* HwS 

<72)369!# £31 «- 

X]K«*nB ( l*Ai& ITS 3*6-9- «3£ 



(72) VJK fi| 

*»C#*BE'f'JBi£lTB 3#6^§- flcA 

#&y a-rt 
(72)»ij» m- 

jiDKi!*EaK«t»aaiTB3#6* *a; 

(72)S§Hf3# H@ 

]Wt**BIS>»»JiaiT13#6-» 4*3; 

(72).jbw# tai mm 

JBSC«*HK«M|»1TB 3#6# ttS; 

F^-A(##) 2H037 AA01 BA02 BA11 CA10 CA37 
DA03 DA04 DA06 
5F073 AA65 AB04 AB17 BA02 CA07 
CA17 EA15 FA02 FA04 FA06 
FA07 



